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Sciences 


Answers 


SC1a States of matter 
Student Book 


17 
e@ 1 The particles are randomly arranged in a 


. liquid; but regularly arranged in a solid in 
fixed positions 


1 / 
oe 2 ~The particles move around each other in 


\Z 
si a liquid; but move quickly in all directions 
inagas 


t / 
ye 3 Sublimation: changing directly from a 


solid to a gas (without becoming a liquid); 
Deposition: changing directly from a gas 
to a solid (without becoming a liquid) 


sa 4 The temperature does not change 
during a state change; so the line on the 
heating curve is horizontal 


7™e 5 Energy is transferred from the 
surroundings to the particles; 
some attractive forces between the 
particles are overcome; 
these particles can then move around 
each other in a random arrangement; 
(but are still close together) 


% 


6*s 6 Solid at 25°C; liquid at 100°C; gas at 
7 2205 °C 


$1. Similar to SC1a diagram C; with a written 
description against each state change 
describing what happens to the arrangement, 
the closeness and the movement of particles. 
Melting: particles stay close together; but 
randomly arranged; and moving around 
each other. Evaporation and boiling: particles 
become further apart; moving quickly in all 
directions. Condensing: particles become close 
together; and can only move around each other. 
Freezing: particles become arranged regularly; 
and can only vibrate about fixed positions. 


E1 Energy must be transferred from the 
surroundings to the particles to overcome 
attractive forces, for a substance to melt 
or boil; this increases the energy stored in 
the particles. Energy is transferred to the 
surroundings from the particles, as attractive 
forces form between the particles when 
a substance condenses or freezes; this 
decreases the energy stored by the particles. 


Exam-style question 
An explanation that makes reference to the 
following points: 


e the particles are more closely packed/ 
closer together in a liquid (1) 


e so more camping fuel can be stored as a 
liquid (1) 
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Activity and Assessment Pack 
SC1a.1 States of matter 


1 


Solid: particles are close together; particles are 
regularly arranged; particles can only vibrate 
about fixed positions; diagram chosen matches 
the written descriptions 


Liquid: particles are close together; particles 
are randomly arranged; particles can move 
around each other; diagram chosen matches 
the written descriptions 


Gas: particles are far apart; particles are 
randomly arranged; particles can move quickly 
in all directions; diagram chosen matches the 
written descriptions 


Student compares the arrangements in each 
state — regularly arranged in solids; randomly 
arranged in gases and liquids. Answer 
compares the movement in each state — 

can only vibrate in solids; can move around 
each other in liquids; can move quickly in all 
directions in gases 


$C1a.3 Changing states — Strengthen 


1 


Suitable particle diagrams drawn in three 
boxes. Gas: particles separate; (at least 

10 diameters apart if possible); random 
arrangement. Liquid: particles touching; 
random arrangement. Solid: particles touching; 
regular arrangement 


Descriptions of arrangement and movements 
of particles in each state, written next to 
relevant particle diagrams. Gas arrangement: 
random; far apart. Gas movement: rapid in all 
directions. Liquid arrangement: random; close 
together. Liquid movement: can move around 
each other. Solid arrangement: regular; close 
together. Solid movement: can only vibrate 
about fixed positions 


Correct state change names written in 
three boxes; with descriptions of changes 
to arrangement and movement of particles 
included. 


Energy at top: high; energy at bottom: low 
Should include the idea that the temperature 


will rise above 0 °C (melting point of water) in 
the spring or summer; so the ice hotel will melt. 


SC1a.4 Changing states — Extend 


1 


A Energy is transferred from the 
surroundings; to the particles 

B_ Energy is transferred to the surroundings; 
from the particles 
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Melting: become able to move 

around each other; regular to random 
arrangement. Freezing: can no longer 
move around each other; random to 
regular arrangement 


B_ Boiling: still randomly arranged; but 
become far apart; and free to move in 
all directions. Condensing: still randomly 
arranged; but become close together; and 
can only move around each other 


Particles become close together; and 
regularly arranged (rather than randomly 
arranged); can no longer move in all 
directions; but vibrate in fixed positions 


B_ Particles become far apart; and randomly 
arranged; rather than regularly arranged; 
can move in all directions; rather than just 
vibrate in fixed positions 


The attractive forces must be weak; if they 
are easily overcome / formed 


B __Itis cold and solid; it is dry because it 
does not melt to form a liquid 


SC1a.5 Particle theory and states of 
matter — Homework 1 


1 a Liquid 
b~ Solid 
c Gas 


2 Particles are still randomly arranged; but become 
far apart and free to move in all directions 


Horizontal part of curve labelled 
b 55°C labelled 

c Curve from 0-7 minutes labelled 
d Curve at 0 minutes labelled 


Solid at —-150 °C; gas at 25°C 


Its melting point must be below 25 °C; its 
boiling point must be above 25 °C. 


SC1a.6 Particle theory and states of 
matter — Homework 2 
1 a _ Solid; liquid; gas 
b = Melting: solid — liquid; sublimation: solid 
— gas; boiling/evaporation: liquid — gas; 
condensing: gas — liquid; deposition: gas 
— solid; freezing/solidifying: liquid — solid 
ce Solid 


Close together; randomly arranged; can 
move around each other 


b Close together; regularly arranged; can 
only vibrate about fixed positions 


c_ Far apart; randomly arranged; can move 
quickly in all directions 


During boiling, attractive forces between 
particles are overcome; energy must be 
transferred to the particles to do this 


b During freezing, attractive forces are 
formed between particles; energy must be 
transferred from them as this happens 


3 No new substances are formed 4 a 
Temperature (°C) ethanol ammonia fluorine mercury 
215 gas gas gas liquid 
liquid gas gas liquid 
-215 solid solid liquid solid 


b Ethanol thermometer; because the ethanol 
will still be liquid; but the mercury will 
freeze at -39 °C; so it will not be a liquid 
at the temperatures in the freezer 


Vertical axis is temperature (°C); with 

a scale in the range about 50-100 °C. 
Horizontal axis is time (min); but no scale 
needed. Sensible shape for the curve; 
starting at 85 °C; a horizontal part at 70 °C; 
ending at 55°C 


b Curve appropriately labelled at 85 °C 
(start); 70°C (melting point); 55 °C (end) 
c Part of curve below 70 °C labelled 


When first cooled, the water in the food is 
frozen; attractive forces form between the 
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particles; energy is transferred from the 
particles to the surroundings; particles 
become regularly arranged; close 
together; and can only vibrate about fixed 
positions. 


b During sublimation all attractive forces 
between the particles are overcome; 
energy is transferred to the particles; 
from the surroundings; particles become 
randomly arranged; far apart; and can 
move quickly in all directions. 


c During sublimation energy must be 
transferred to the particles; from the 
surroundings; so that attractive forces 
can be overcome; this is done by 
heating. 
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SC2a Mixtures 
Student Book 


% . 
sa 1 Silver atoms 


% P 
sa 2 Impure substances contain two or more 


elements; or compounds 


Me F : 
sa 3. a _ Carbon is solid at room 


temperature; hydrogen and oxygen 
are colourless gases 


1 / 

ae b Use a filter; with holes smaller than 
marbles; but larger than sand grains 

Ko 


sa 4 Airis a mixture; mixtures have 
components that are not chemically 
bonded together; the components in 
air can be separated by the physical 
process of cooling 


ag 
Ta 
ol 


-218°C 


s/ 


ae 
an? 
oO 


a Argon and carbon monoxide are 
pure; lead—tin alloy is a mixture. 


s / 


OF 


fae 
tom 


Argon and carbon monoxide cooling 
curves have a horizontal section; 
indicating where the substance 
melts; these substances have fixed 
melting points. The alloy melts 

over a temperature range; there is 
no horizontal section in its cooling 
curve. 


fn 
Ya 


$1 Pure substances have fixed compositions 
and sharp melting temperatures. Mixtures 
do not have fixed compositions and melt 
over temperature ranges. Mixtures may be 
separated by physical means whereas pure 
substances components may be chemically 
bound. 


E1 A fineness of 750 means that only 750 parts 
in 1000 are made from gold. This implies 
the jewellery is a mixture (or alloy) of gold 
with other substances. Mixtures melt over 
a temperature range. The jewellery would, 
therefore, be expected to melt over a range of 
temperatures, not have a sharp melting point. 


Exam-style question 


An explanation that makes reference to the 
following points: 


e different components in mixtures melt 
at different temperatures giving a 
temperature range (1) 


e pure substances are chemically uniform / 
in a pure substance the whole substance 
melts at the same time (1) 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


Activity and Assessment Pack 


SC2a.2 The purity of gold 


1 a 75% 


b__Less gold; pure gold (24 carat) contains 
only gold; 18 carat gold contains other 
elements; like silver and copper 


c_ It does not have a range of melting 
temperatures 
2 a_ Ryanis right; it is a mixture because it has 
a melting temperature range 


b__Itis a mixture; the different elements melt 
at different temperatures 


c 1.99 (2 sig. figs); rounding up might be 
costly in some contexts! 


$C2a.3 Mixtures — Strengthen 
1. a_ isame; ii cannot; iii silver; iv physical; 
v compounds; vi sharp/single 
b Students’ own answers with correct 


definitions. 
2 a_ composition 
b compounds 
c__ physical 
d= range 


3  Apure substance; the heating curve shows 
a sharp melting point; the composition of 
the substance is the same throughout; so its 
physical properties are the same throughout. 


S$C2a.4 Mixtures — Extend 


1 a_ Ascale of purity for gold 
b_ It is very nearly pure; it is close to 1000 


c_ ltis not pure; there are other elements or 
compounds in the gold; it is 75% gold 


2 a_ The pure substances are oxygen, gold, 
lead and tin; the mixtures are orange 
juice and solder. The pure substances 
have a sharp, single melting temperature; 
the mixtures have a melting temperature 
range. 

b The curve should show a horizontal 
section where the substance is melting. 

c  Thecurve should show a sloping section 
where it is melting over a range of 
temperatures. 
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$C2a.5 Mixtures and melting 
Homework 1 


1 
2 


4 


air; orange juice 


Mixtures contain two or more substances; 
that are not chemically joined together; and 
can be separated using a physical process. 
The composition is not fixed; and can even be 
different throughout the mixture. The melting 
temperature is a range; rather than a sharp, 
single temperature. 


composition; physical; temperature; range 
a Pure substance 


b The heating curve shows a sharp melting 
point; the composition of the substance is 
the same throughout; and so its physical 
properties are the same throughout; 
melting is a physical property. Some 
students may include a description of 
energy being used to overcome weak 
forces of attraction during melting (to 
explain the lack of temperature increase). 
Award extra credit for this. 


SC2a.6 Mixtures and melting 
Homework 2 


1 


a Adescription of how a material behaves; 
and responds to forces and energy; 
hardness is a physical property 


b Two or more substances jumbled 
together; but not joined to each other; 
the substances in mixtures can often be 
separated from each other 


c  Asingle substance; with a fixed 
composition; that does not have anything 
else mixed with it 


A substance that is not pure 


A graph showing temperature against time 
for a substance 


f |Aspecific temperature; at which a solid 
turns into a liquid 


A pure substance has one sharp, single 
melting temperature; a mixture has a range of 
melting temperatures 


Explanations should include reference to: 
Pure substances: having a fixed composition; 
physical properties the same throughout the 
substance; because it is made up of only one 
kind of atom or molecule; melting temperature 
is a physical property 

Mixtures: not having a fixed composition; 
because they are made up of two or more 
elements and/or compounds; that are not 
chemically combined; physical properties are 
not the same throughout the substance; the 
melting points of the substances the mixture 
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Answers 


is made up of are different; so it melts over a 
range of temperatures 


4 The graph for a pure substance would have 
a flat, horizontal section where it was melting; 
the graph for a mixture would have a sloped 
section instead of the flat, horizontal section. 

5 In the material with the higher melting point, 
the forces of attraction within the material 
are stronger than in the lower melting range 
material. Therefore, more energy is required to 
break up the ordered structure of the solid in 
the “hard solder” to produce a liquid. Note: the 
words “hard” and “soft” are used in a slightly 
descriptive sense here. The mechanical 
properties of the solder will of course depend 
on composition and temperature. 

SC2b Filtration and crystallisation 

Student Book 

ns 1 =a Anymixture where one component 
has a different size, or solubility (e.g. 

: is ‘insoluble’) e.g. sand and water. 

5" b_ Filtration acts to stop the sand but 
lets the water through because 
of the differences in size of the 
components compared to the size 
of the holes in the filter paper. A 
filter may also separate soluble and 
insoluble e.g. sand and salt in water. 
A solvent must be added to the two 
substances. One of the substances 
must dissolve in it and the other must 
not. The substance that dissolves in 
the solvent will go through the filter, 

. the insoluble substance will not. 

Pt c Two answers are described above, 
if size is chosen, the other type of 
mixture should highlight solubility. 

If solubility is chosen, sizes of the 
components should be highlighted. 

a 2 Any suitable mixture. Answers may 


eT LCT DD DCS 
Gas? Gas? Gas? Gas? 


include any dissolved salt solution or an 
organic material in organic solvent. 


3 a_ water 


b __ brine/salt solution/salt water 
c__ salt (sodium chloride, mostly) 


4  Assolution is saturated when no further 
solute may be dissolved in the solvent 
at a fixed temperature and volume of 
solvent. 


5 The substance forms in particular ordered 
patterns and layers, depending upon the 
period of time over which they form. 
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oe 
a 
w 


$1 


ciences 


6 The longer a crystal takes to form, 
the more time there is for particles to 
form an ordered pattern and so make 
a bigger crystal. The formation of the 
crystals has been so slow in these 
crystals that they have become gigantic. 


7 a_ salt water 


b rock pieces (larger and insoluble 
material) 


Unless the chemicals being filtered 
are particularly hazardous the main 
hazards come from crystallisation. 
There is a hazard from spitting 
crystals during crystallisation, which 
could cause burns. There is a 
hazard from the flammable gas and 
hot Bunsen burner and equipment. 


b To reduce the risk, gentle heating 
can be used by heating the filtrate 
using steam and/or using a medium 
Bunsen burner flame and removing 
it before the filtrate is dry. Eye 
protection as well as laboratory 
aprons should also be worn. Long 
hair should be tied back during 
heating, otherwise free ties should 
be tucked into shirts or kept away 
from the Bunsen flame in some 
other way. Care should be taken 
when dismantling hot equipment 
including evaporating basins and 
tripods. Tripods are best allowed to 
cool and then moved from their base 
into a sink running with cold water. 


This is a suitable sequence of steps for 
separating sand and salt from a mixture of the 
two. Additional credit should be awarded for 
pointing out appropriate hazards and ways of 
reducing the risk from them. 


Mix the sand and salt mixture with water. The 
salt will dissolve, the sand will not. Spilled 
water may cause a slip hazard and so should 
be mopped up straight away. 
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Answers 


Pour the mixture through filter paper in a filter 
funnel, and collect the filtrate under the funnel in 
a beaker. The sand is now separated and is in 
the filter paper. The holes in the filter paper will 
allow the water and dissolved salt through, but 
the particles of sand are too big to fit through 
the tiny holes in the paper. 


A diagram of this would be useful. 


Pour the filtrate into an evaporating basin and 
heat gently. Salt crystals form. The salt can 
now be collected. The water evaporates but 
the salt is left behind. There is a hazard from 
spitting crystals, which could cause burns. To 
reduce the risk, gentle heating can be applied 
by heating the filtrate using steam and/or using 
a medium Bunsen burner flame and removing 
it before the filtrate is dry. Eye protection 
should also be worn. 


A diagram of this would be useful. 


Students should include the following steps. 
1. Grind up the plants. 


2. Add methanol to ground up plant material. 
This dissolves plant compounds. 


3. Remove any surplus plant material, some 
filtration may be needed. 


4. Indirect heating using a steam bath may 
be needed. This should be indirect as 
methanol is flammable and should be 
carried out under a vacuum hood since 
methanol vapour is toxic. 


5. Cool the solution to allow the product to 
crystallise. 


6. The rate of cooling will influence the size 
of crystals; to get large crystals cooling 
should be done over a longer time period. 


7. To get just crystals further filtration may 
need to be used. 


8. The crystals may then be dried. 


Exam-style question 


An explanation that makes reference to the 
following points: 


e  Arisk is the chance of a hazard causing 
harm (1) 

e A hazard is the source of potential 
damage or adverse impact on health (1) 
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SC2b.2 Filtration and crystallisation 


Strengthen 
1. The order is A, E, B, D, F, C. 
A1 B3 C6 
b Bunsen burner, tripod & gauze, |b Beaker, stirrer b Evaporating dish, beaker, filtrate, 
evaporating basin, filter funnel, c Dissolving soluble content; Bunsen burner, tripod & gauze 
filter paper, conical flask, mortar | enables filtration to separate the | ¢ Crystallising; the solvent 
& pestle, beaker, water soluble and insoluble solutes evaporates when heated; once 
c Collecting equipment for filtration it is heated to dryness the 
and crystallisation insoluble salt is left behind as 
crystals 
D4 E2 F5 
b Filter paper, filter funnel, filtrate /b Mortar & pestle b Evaporating dish, beaker, filtrate 
solution, residue c Grinding the sample; helps in c Concentrating the solution; the 
c Filtration; the soluble solute dissolving the solute solvent evaporates and the 
passes through the filter because solution gets more concentrated 
it is dissolved in the solvent 
and has particles small enough 
to pass through. The insoluble 
solute had particles that were too 
large to pass through the filter. 

2 Wear eye protection in case small pieces of Chemical hazard — methanol is flammable 
solute ‘jump out’ during grinding. In B, D, F and toxic. Keep methanol away from a 
wear eye protection and mop up any spills. source of ignition, heat indirectly using 
In C wear eye protection; do not over heat/ a steam bath or electric heating mantle. 
heat too quickly to avoid spitting of crystals on Avoid inhalation or transdermal contact 
heating; remove the Bunsen burner before the with methanol. Experiment may be 
product is completely dry; mop up any spills; completed under a fume hood, in the case 
tie hair back; do not touch hot equipment. of extended exposure a respirator may 

be advised. Experimenter should use 

SC2b.3 Filtration and crystallisation appropriate gloves. Stock source should 

Extend be closed and removed. Waste should not 

be flushed, but placed in solvent waste. 

1 = a_ Flowcharts might usefully show the Solvent waste must be securely stored 

following steps: and isolated from sources of ignition and 

A Grind up the plants. explosive materials. 

B Add methanol to the ground-up plant Thermal hazard — hot materials should 
material. be allowed to cool before they are moved 


unless appropriate precautions have been 


C Remove any surplus plant material, ister to sueid barns. 


some filtration may be needed. 


D  Evaporate the solvent — indirect heating 2 a Correctly labelled diagrams could show 
using a steam bath may be needed. the stages outlined above A-G. 
E Cool the solution. b Captions should include an explanation 
F Further filtration may needed to of why a stage is carried out and what 
collect just wet crystals igre ecieneeal ‘3 cant 
: rind up the plants; allows the solven 
G_ The crystals are dried fase 


b Hazards and risks associated with the 
above: 


Mechanical hazard associated with 
grinding equipment slipping — ensure 
appropriate pressure is used and slippery 
surfaces are avoided. 


B- Add methanol to the ground-up plant 
material; dissolves plant compounds 


C Remove any surplus plant material, 
some filtration may be needed; 
ensures the crystals are as pure as 
possible 
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D_ Evaporate the solvent — indirect 


: . Filtration hazards Crystallisation hazards 
heating using a steam bath may be : : 
needed: must be indirect because Solvent, solution Solvent, solution and 
methanol is flammable: should carried and filtrate getting filtrate getting into eyes; 
out under a vacuum hood because into eyes; wear eye wear eye protection 
protection 


methanol vapour is toxic ‘Spitting’ of crystals 


E Cool the solution; allows the product Slips hazard from as they are heated to 
to crystallise spillages; mop up dryness; use a water 
spills immediately bath, remove evaporating 


F Further filtration may needed to 


collect just wet crystals Cuts from broken 
G The crystals are dried glassware; tell the Eby iees, Weabeys 


a sd teacher immediately if | Protection 
c_ The rate of cooling in step E will influence biecicas peas Se 


dish from heating before 


the size of crystals; to get larger crystals 
cooling should be done over a longer time 
period. 


$C2b.4 Filtration and crystallisation 
Homework 1 


long hair 


Hot equipment during 
and following heating; do 
not touch hot equipment, 
leave to cool 


1 SC2b.5 Filtration and crystallisation 
solute substance that dissolves in a liquid Homework 2 
fo make a solution 1 Each step should be accompanied by a 
solution —_| formed when a substance has correctly and clearly labelled diagram. 
dissolved in a liquid A Sweep up the mixed material 
residue material remaining in the filter after B Stir in the solvent (water); salt is soluble 
mixture has passed through it so will dissolve, the sand and dirt won't; 
insoluble | describes a substance that cannot eye protection should be worn (to prevent 
be dissolved in a certain liquid solvent or solution getting into eyes) and 
filtrate solution passing through a filter spillages mopped up (to avoid slip hazard) 
solvent the liquid in which a solute dissolves C Filter; the soluble salt dissolved in the 
to make a solution solvent will pass through the filter as the 
filtrate. The insoluble sand and dirt will be 
2 = 1crushing; 2 dissolving; 3 filtration; 4 heating; stopped by the filter paper as a residue 
5 crystallisation because the particles are too large to pass 
3 through; eye protection should be worn 
(to prevent solvent, solution and filtrate 
Filtration | Crystallisation getting into eyes) and spillages mopped 
a large-particle V up (to avoid slip hazard) 
insoluble solids D_ Evaporate the filtrate; the solvent will 
from a liquid evaporate leaving the soluble salt behind; 
b sclublesalis from V do any indirect heating using a steam bath; 
‘ remove heat before complete dryness to 
a solution . ae : 
; avoid spitting of crystals; wear eye protection 
c insoluble v (to prevent solvent, filtrate or spitting 
impurities from a crystals getting into eyes); do not touch hot 
salt solution equipment (to avoid burning yourself) 
4 Filtration and crystallisation shown correctly 2 Rapid heating produces small, powdery 
on a labelled diagram as in the Student Book crystals; gentle warming and/or slow 
SC2b Filtration and crystallisation. evaporation will cause larger crystals to form. 
; . Students may suggest using a water bath to 
= pny woo ne following Mazards accompanied warm the filtrate gently if larger crystals are 
by an appropriate method of reducing the neaded 
risk. Students do not need to state whether ; 
the hazards are associated with filtration or 3 Measure the melting point of the crystals; a 


crystallisation. 
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sharp melting point indicates a pure substance; 
a melting point range indicates an impure 
sample; compare his melting point with other 
substances 
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SC2c Paper chromatography 
Student Book 


17 

se 1a 4 

1 / 

oy b The green dye travels faster/is more 
soluble than the red dye. 


17 
5" 2 a_ The ink might dissolve in the 


solvent; confuse the results of the 
chromatogram. 


a b If the spots were lower, the 
substances would just dissolve in 
the solvent in the beaker instead of 
travelling up the paper. 


ess 3 The red dye; an R; value of 0.1 means 


= it has only moved one-tenth of the 
distance that the solvent has moved; the 
red dye is the one that has moved the 
shortest distance. 

e@ 4 R,=9/10=0.9 

” : 

a 5 a_ orange, blue and pink 


som b £104, E110 
eg c yellow 


$1 Agood answer will contain the following points: 


Samples of the lipsticks and a sample from 
the mark at the crime scene are put onto 
chromatography paper so they can be 
compared. The paper is supported dangling 
in a solvent that will dissolve the dyes. The 
most soluble dyes travel fastest/furthest; and 
different combinations of dyes will produce 
different patterns of spots. If the pattern of 
spots from one of the suspects’ lipsticks 
matches the pattern from the mark at the crime 
scene; that lipstick could have left the mark at 
the crime scene. 


E1 AnR, value is the ratio of the distance a coloured 
substance has moved along a chromatogram to 
the distance the solvent has moved. The R; value 
of an unknown substance can be compared 
with known R; values for a range of substances; 
determined by chromatography done under 
the same conditions; the R; value will allow 
the unknown substance to be identified. The 
laboratory has to also publish details of the exact 
procedure used to obtain its R; values in order for 
them to be useful. 


Exam-style question 


An explanation that makes reference to the 
following points: 


e both samples moved the same distance 
(on the chromatogram) (1) 
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Answers 


e compared with the solvent (front) (or 
similar explanation pointing out that the R,; 
value is a ratio of the distance moved by 
the sample compared with the distance 
moved by the solvent) (1) 


e this does not mean they are the same dye / 
they could be the same dye but this is not 
certain (1) 


Activity and Assessment Pack 
SC2c.1 Chromatography of ink 


Answers to questions 1 to 6 will depend on the 
results of the student experiments. 


7 Pencil marks do not dissolve in the water. 
8 To identify each food colouring; and the mixture. 


9 Water rises up the paper; and dissolves the 
dyes; (but the dyes will not be washed out into 
the beaker of water). 


10 To stop the dyes washing out of the paper. 


11. Answers will depend on how clear the top level 
of each dye is on students' chromatograms; if it 
is difficult to accurately identify the top of each 
dye, then the accuracy and reliability of the 
calculated R; values will be reduced. 


Chromatography investigations 


R; values will need to be calculated for the sample 
from the letter and for the inks tested; because a 

direct comparison cannot be made by putting all of 
them on the same piece of chromatography paper 


R; values can only be compared to identify inks 
if the chromatography was carried out under the 
same conditions 


Poison pen letter 


It does not prove that the suspect from whom the 
pen was obtained wrote the letter; only that a pen 
similar to their pen could have been used to write 
the letter; other people will own the same type of 
pen; there may be other types of pen not tested 

that use the same mixture of dyes in their ink; or 

someone else may have left the pen in the home 


S$C2c.2 Chromatography procedure 


A-8; B-—6;C-—1;D-—6; E-3, 6;F-—4; G-7; 
H-—2;1-—8,9;J—7;K-9;L-—5;M-—2 


SC2c.3 Paper chromatography 

Strengthen 

1 four; lipstick; five; paper; compared; solvent; 
solvent; dyes; dissolve; soluble; separate; 
dyes; pattern 

2 a_ stationary phase 
b~ R, value 
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c mobile phase 
d_ chromatogram 


3. 8B 


SC2c.4 Paper chromatography 
Extend 


1 The distance the solvent has moved (from 
the line); the distance each spot of dye/each 
substance has moved (from the line). 


distance moved by the dye 
distance moved by the solvent 


3. a_ The solvent will have moved further up the 
paper on Bill's chromatogram; the spots of 
the different dyes will also have moved up 
further; the order of the spots will still be 
the same. 


b The R; value is of a dye is always the 
same for a particular substance; so long 
as the chromatography is carried out in 
exactly the same way. 


c Hemust use the same procedure; (same 
paper, same solvent etc.). 


4 a Chromatography was carried out in different 
ways in the two laboratories; you would 
expect to see differences in the R,; values. 


b The procedure used. 


5 AnFR; value; is the distance a coloured dye 
has moved up a chromatogram divided by the 
distance the solvent has moved; the R; value of 
an unknown substance can be compared with 
the R; values of a range of known substances; 
if the chromatography has been done under 
the same conditions; an R; value will allow 
the unknown substance to be identified; the 
laboratory must publish details of the exact 
procedure used to obtain its R; values. 


Any three (coloured) mixtures. 


a A pure substance will produce just one 
spot; a mixture will produce more than one 
spot; diagram to illustrate this. 


b Two mixtures that contain the same 
substances; will produce the same pattern 
of spots; if tested on the same piece of 
paper; using the same solvent; (or will 
have the same R,; values if done in the 
same way on different chromatograms); 
diagram to illustrate this. 


8 The chromatogram would have four spots; 
from the top, these would be R792, R176, 
X8649 and Y1438; this is the order of their 
solubilities; the more soluble the substance, 
the faster it moves. 
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SC2c.5 Paper chromatography 
questions — Homework 1 


1 


oo 


a___To stop the colours from washing out of 
the paper. 

b To identify which colours are in the 
unknown paint. 

c_ Red and blue; the unknown paint 
separates into two spots that reach the 
same level as the red and the blue spots. 


a X0.76; Y 0.46; Z 0.26 
b mauve; carmine; red 
a 2 

b 4 

c 1 

d 5 

e 3 


SC2c.6 Who forged the cheque? 
Homework 2 


1 


Draw a pencil line on the piece of 
chromatography paper; put spots of the ink 
from the cheque; and the suspects’ pens; on 
the line; and label them. Support the paper in 
a beaker of solvent or water or ethanol; wait 
for the solvent to move up the paper. Remove 
the paper from the beaker; mark the height 
moved by the solvent; and allow the paper to 
dry. 


three 


a B 


b_ the dyes in B moved different distances 
up the paper; from the dyes in the ink from 
the cheque; so they were different dyes. 


0.167; 0.417; 0.833 


a_ All of the dyes will reach the top of the 
paper. 

b The colours from the pen will spread out 
on the paper. 

c_ The spots will wash out of the paper into 
the solvent. 


d_ The R, values will not be accurate as the 
spots will not have moved as far as they 
appear to have moved. 

e Permanent inks are not soluble in water; 
so they will not move up the paper. 

f The R, values will be different. 


Chromatogram drawn with a line to show 
initial level of the solvent; and a line to show 
a solvent front. If the student has shown the 
solvent moved 10 cm, then the spots will be: 
mauve 7.6 cm, blue 5.5 cm, carmine 4.6 cm, 
red 2.6 cm, yellow 2.4 cm and brown 1.0 cm. 
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SC2d Distillation 
Student Book 


1 / 
3 1 a The water evaporates/boils; (and 
: turns to steam). 

e, 


ong b ‘Tap water contains dissolved 

pi : f f : 
minerals; the minerals will be left in 
the iron when the water evaporates 
and turns into a gas; this would block 
up the holes; you may get (solid) 
minerals deposited on the clothes. 


4°§ 2 it could cause burns/scalds if you put 
your hand too close to the tube 


sa 3. suggestions could include: put the test 
tube into a beaker of cold water/ice; wrap 
the delivery tube in a cloth that had been 
soaked in cold water; put some cotton 
wool/mineral wool in the mouth of the tube 


6s 4 When the impure water is heated; only 
water evaporates; any (solid/dissolved) 
impurities are left behind. The steam/ 
vapour passes through the condenser; 
where it turns back into a liquid. Because 
the impurities are left in the original flask, 
this liquid (the distillate) is pure. 


ee 5 a_ The flow of water around the 
condenser keeps it cool; this means 
that all/almost all the vapour turns 
back to a liquid; so little or none 
will escape into the air; reducing/ 

: eliminating the risk of burns/scalds. 

oy b = Anti-bumping granules help the 


liquid boil more smoothly; this 
reduces the risk of the liquid boiling 
over; which would be a safety 
hazard because any escaping 
hot/boiling water might cause 
burns/scalds. There would also 

be a small risk of over-vigorous 
boiling; causing a ‘blow-out’ of the 


thermometer and bung. 
1 / 
ane 6 Answer should include at least one 


Ca? aie : 
similarity and one difference. 


they both involve evaporation and 
condensation of a liquid 


they both rely on one component of 

a mixture being easier to turn into a 
vapour than the other(s) 

fractional distillation can separate 
mixtures of (miscible) liquids 

fractional distillation involves a liquid being 
evaporated and condensed many times. 
(Note that fractional distillation does 

not necessarily involve the use of a 
fractionating column.) 
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at 7 The liquid with the lower boiling point turns 
into a gas more readily. So the vapour 
contains more of the liquid with the lower 
boiling point. As the hot vapour rises, the 
lower boiling point liquid will condense 
further up the column than the liquid with 
the higher boiling point. This process 
happens again and again and so the liquid 
with the lower boiling point reaches the top 
of the fractionating column first. 


$1 Adescription of distillation — e.g. the process 
of separating a pure liquid from a solution by 
evaporating the liquid and then condensing the 
vapour; a correctly labelled diagram similar to 
diagram B or C. 


S2 Wear eye protection in case the liquid 
boils over; do not touch the equipment to 
avoid burning or scalding; mop up spillages 
immediately; use anti-bumping granules to 
make the liquid boil more smoothly, reducing 
the risk of the liquid boiling over; tie hair back. 


E1 Water boils at 100°C; in a mixture of ethanol 
and water, ethanol evaporates more easily; 
because it has the lower boiling point; so the 
first fraction that condenses off will be mostly 
ethanol/contains more than 50% ethanol. 


E2 The boiling point of the original mixture will 
be somewhere between 78.5°C and 100°C; 
(might predict about 90°C for a 50:50 mixture); 
the ethanol boils off first so the remaining 
mixture will contain a higher percentage of 
water; so you would expect the mixture boiling 
point to rise towards 100°C; once all the 
ethanol has boiled away there would be pure 
water; which would boil at 100°C. 


Exam-style question 
Explanation that makes reference to the following 
points: 
e — liquid B (1) 
e because it has the lower boiling point so 
will evaporate (and condense) first (1) 


SC2d Core practical — 
Investigating inks 


1. Tocool the vapour/test tube (1) so the vapour 
condenses. (1) 


2 a_ It becomes darker (1) because it becomes 
more concentrated / solvent leaves the ink 
but the coloured substances do not. (1) 


b_ The solvent was not pure / it was a mixture 
of liquids. (1) 
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Solvent has a lower boiling point than the 
solute / solvent is liquid, but solute is solid at 
room temperature (1) solvent boils and leaves 
the solution (1) solvent vapour is cooled and 
condensed away from the solution. (1) 


Heat the liquid until it boils (1) measure its 
boiling point (1) pure water boils at 100 °C. (1) 


a Mobile phase: propanone (1) stationary 
phase: paper (1) 

b Avoid flames because propanone is 
flammable. (1) 


c_ The ink would dissolve into the propanone / 
wash out of the paper. (1) 


The solvent/liquid/mobile phase moves through 
the paper/stationary phase (1) taking the soluble 
substances with it (1) at different rates. (1) 


a Ink Xis a mixture of inks B and C (1) and 
does not contain ink A. (1) 


b Evidence of correct working (distances 
measured from diagram or using the 
scale) (1) R; = 0.75 (1) 


a __ Dye 3 because it has the highest R; value 
(1) so it travelled fastest with the solvent. (1) 


b ‘The dyes are pure substances (1) because 
they each produce a single spot. (1) 


c TheR, values of dyes 1 and 4 are very 
similar (1) so a mixture of the two may not 
separate during chromatography (1) (and 
yellow and blue dyes make green). 


Activity and Assessment Pack 
SC2d.1 Distillation 


1 


4 


The most obvious answer will be the visual 
appearance — the colour of the ink will not 
appear in the distillate and the water will be 
clear. Some students may make reference to 
the temperature of the vapour. 


Answers will vary, but could include 100°C; 
because this is the boiling point of water; a 
figure below 100°C, linked to the idea that the 
steam may have ‘cooled off’ by the time it rises 
up to the thermometer; a figure above 100°C, 
perhaps linked to ideas about convection 
currents and hot vapours rising, or possibly 
(albeit wrongly) linked to impurities in the water. 


to keep the test tube cool; (and condense the 
vapour back into a liquid) 


a__ Glass smashing and therefore risk of cuts; 
boiling water spilling and risk of this going 
onto clothes and skin; slips due to spilt 
water on the floor. 

b Hazard control measures include stand up; 
while doing practical work; so that you can 
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Answers 


more easily move out of the way; along 
with make sure that the tripod is stable; 
and that the flask is steady; use a clamp 
and stand to secure the flask in place. 


Any suitable hazard; together with one way 

of reducing the risk — e.g. hazard from liquid 
boiling over; reducing the risk could include the 
use of anti-bumping granules. 


a__ air hole closed (yellow flame); makes the 
flame more visible (luminous); so reducing 
the risk of someone touching the flame 
accidentally 

b air hole slightly/half open; gas tap turned 
about half on; makes sure heating is 
gentle; helping to reduce the risk of the 
liquid boiling over; but avoids depositing 
soot onto the gauze/flask 


Answers will vary but should refer to their 
actual results; and how well this compared to 
the success criteria set out in Q1. 


Answers should include: 
ink/liquid is heated until it boils 


liquid/water evaporates and turns into steam; 
also known as water vapour 


steam is pure water vapour; so the temperature 
reading on the thermometer is 100°C 


the steam/vapour passes into the condenser; 
where it cools down 


when it cools it turns from a vapour/gas back 
into a liquid 


the pure water collects as the distillate 


$C2d.2 Fractional distillation 


1 
2 


100°C 


Accept any answer in the range 80—95 °C; the 
key point is that you would expect the boiling 
point to be intermediate; between the values 
for the pure liquids. 


a ethanol 


b_ It has the lower boiling point; the flask will 
get to 78.5°C before it reaches 100°C. 


probably fraction 1; (but link to evidence 
required) — e.g. lowest boiling range/most 
flammable/lowest density 


higher/greater; water; ethanol; boiling points; 
fractional distillation 


If pure ethanol is 0.8 g/cm* and pure water is 
1.0 g/cm%; each incremental change of 0.01 g 
corresponds to a 5% change in composition; 
(i.e. 20 possible incremental steps between 
0.80 and 1.00). For example if m = 0.88 g, this 
would be a 60/40 ethanol/water mixture. 
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7 The answer is likely to be in the region of 
50-60%; but will depend on the actual data 
collected. 


8 Proof spirit contains the minimum quantity 
of ethanol needed to cause gunpowder to 
light; if the liquid is poured on to it. The value 
is actually 57% ethanol by volume. If the 
drink (typically a sailor's rum ration) causes 
the gunpowder to light, it was ‘proof’ that the 
alcohol was strong enough. The strength 
of alcoholic drinks used to be expressed as 
‘degrees proof’; this has now largely been 
superseded by the simpler method of quoting 
the percentage alcohol by volume (ABV). 


$C2d.3 Distillation — Strengthen 

1 aE; bA;cl;dB;eG;fC;gH;hF;iD 

2 heat; liquid; evaporates; stays; vapour; 
condenser; condenses; distillate 


3 Answers will vary but could include: hot 
equipment — do not touch until cool; bubbling 
over of liquid when boiling — wear eye 
protection, use anti-bumping granules; boiling 
water — clear working area; Bunsen burner — 
tie hair and loose clothing back. 


$C2d.4 Distillation — Extend 

1 bdeatfeg 

2 _twocorrectly named hazards; and a method of 
reducing the risk 


3. The higher the boiling point, the less alcohol in 
the mixture; (or the lower the boiling point, the 
higher the percentage of alcohol). 

100% alcohol; (or arguably 90% and 95% alcohol) 

5 a_ higher 


b= Alcohol boils at a lower temperature; this 
means that it is easier for molecules/ 
particles of alcohol to escape from the 
liquid; (forces between alcohol molecules 
are weaker than forces between water 
molecules). So for any given mixture, a 
higher proportion of alcohol molecules will 
be in the vapour than in the liquid. 


ce _ Boiling point is likely to be about 88—90 °C 
d_ Answer in the range 62-65% 


S$C2d.5 Extracting perfumed oils 
Homework 1 

1 clockwise from bottom left: a; e; c; f; d; b 
2 steam distillation 

3. both methods involve boiling water 

4 


in this experiment you don’t make pure water 
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Answers 


water with some plant oil 


a_ Any suitable hazard, e.g. burns from gas 
or electric hob; boiling water spilling; oil or 
(acidic) juice from a citrus fruit going in the 
eye; contact with steam causing scalding. 


b_ Any suitable risk-reduction strategy; so 
long as it is associated with the hazard 
stated in part a. 


Heat the mixture until it boils; water boils at 
100°C and alcohol boils at about 80°C. The 
liquid with the lower boiling point (alcohol) will 
boil off first; so you can condense the vapour 
by cooling it and collecting the liquid that 
forms; which would be alcohol; the remaining 
mixture would contain water and oil. 


S$C2d.6 Extracting perfumed oils 
Homework 2 


1 
2 
3 


10 


oils have higher boiling points 
they decompose 


The process keeps the temperature lower; 
below the temperature at which oils might start 
to decompose. 


You might expect that a mixture of water 
(b.p. 100°C) and oil (b.p. > 100°C); might 
boil above 100°C. (It is because they are 
immiscible, meaning that they don’t interact 
and contribute separately to the vapour 
pressure, but this level of detail would not be 
expected from GCSE students.) 


They might shrivel/char/go brown or black/ 
disintegrate. 


Possible answers include: the distillate is not 

a pure substance; you are not purifying the 
water; another substance apart from water also 
evaporates when you heat it. 


a The oil and water don’t mix/are immiscible; 
so the oil will float on top of the water; and 
can be separated easily (e.g. extraction 
with a pipette or using a separating funnel). 


b Award credit for the following points: 


When a dilute solution of ethanol boils, the 
vapour will contain a higher proportion of 
alcohol; because this boils more easily/ 
has a lower boiling point. 


In a fractionating column, the vapour 
condenses and then re-boils several 
times; each time producing a mixture that 
is more concentrated in the substance 
with the lower boiling point. 


The substance with the lowest boiling 
point will reach the top of the column first; 
and the vapour will then pass into the 
condenser. 
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So, the vapour reaching the top of the 
column will be mostly ethanol; and this can 
then be collected as the distillate once; it 
has passed through the condenser. 


correctly labelled diagram 


c_ Points could include: wear eye protection; 
make sure apparatus is clamped carefully 
to reduce risk of knocking over; use anti- 
bumping granules to stop the liquid boiling 
too violently; use a small gentle blue flame 
to reduce the chance of the liquid boiling 
over / flammable vapour being released 
(alternatively use an electric heater or 
heat using a boiling water bath). Ensure 
that the terms ‘hazard’ (for something that 
has the potential to cause harm) and ‘risk’ 
(the chance of harm being caused by a 
hazard) are used correctly. 


8 a _ Gaseous nitrogen; (some students may 
point out that this will be a gaseous 
mixture that is much richer in nitrogen than 
the liquid air, but will contain some argon 
and oxygen because they will evaporate). 


A liquid mixture of oxygen; and argon. 


c_ Either cooling the gaseous nitrogen 
collected and making it liquid again; 
before re-fractionating it; to increase the 
concentration of nitrogen. Or fractionating 
the liquid mixture of argon and oxygen; 
(using appropriate temperatures in the 
column such as -85°C and -184 °C). 


SC2e Drinking water 
Student Book 


L/ 
sg 1. Flames from the burning oil heat the 


water so it boils; water vapour rises; and 
cools and condenses on the inside of 
the roof; water droplets run down and 
collect in the tray. 


sa 2 ~Oil-rich countries have cheap and 
plentiful energy resources (oil); and a lot 
of sea water because they are on the 


coast. 

sg 3 It does not contain any dissolved salts; 
but tap water does. Dissolved salts 
interfere with the results; for example 
producing precipitates; or being detected 
by machines 

M% 


4°§ 4 River water may contain harmful 
substances; and harmful 
microorganisms. 
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4°35 a Leaves and twigs: screening using 
a sieve. Grit and silt: sedimentation; 
and filtration through sand and 
gravel beds. Microorganisms: 
chlorination using chlorine. 


sg b The missing stage is screening. The 
diagram should show a grid over 
the entrance to a pipe; with leaves 
and twigs caught in it 

M% 


6s 6 Dissolved substances cannot be 
removed by filtration; simple distillation 
is expensive in terms of energy 


$1 Should include an outline of each step at a 
water works; and what it removes (screening, 
sedimentation, filtration, chlorination). Also 
simple distillation. 


E1 The water will have been produced by simple 
distillation; water is heated so it boils; the 
water vapour is led away; and then cooled and 
condensed. 


E2 Measure its boiling point; which should be 
100°C. Filter it then evaporate it to dryness; 
there should be no solid residue. 


Exam-style question 


to check for the presence (or absence) of harmful 
microorganisms (1) 


to check for harmful dissolved substances / named 
substances (such as pesticides, nitrates) (1) 


Activity and Assessment Pack 
SC2e.2 Water treatment puzzle 


screening aquifers, river sea water 
and lakes 

sedimentation | must not contain distillation 
dissolved salts 

filtration chlorination kills bacteria 


$C2e.3 Drinking water — Strengthen 
la/b 


Stage | Name of stage | What happens 


A sedimentation Small particles; are 
allowed to settle to the 
bottom 


B filtration Particles are removed; 
by passing the water 
through sand and 


gravel beds 


Chlorine is added 

to the water; to kill 
bacteria and other 
microorganisms 


C chlorination 


11 
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2 
Stage | What happens 
A water boils; evaporates 
B water vapour cools; condenses to form 


water droplets 


3 Dissolved salts may react to form precipitates; 
which will lead to incorrect results or 
conclusions. They will be detected by 
machines; during the analysis of a sample; 
leading to an incorrect conclusion. 


4 Suitable hazard with appropriate control 
measure: eye — contact with hot liquids; wear eye 
protection; flame — tie hair back; hot apparatus 
— use tongs; allow to cool before touching it; hot 
steam — use cold water to condense it. 


$C2e.4 Drinking water — Extend 


1. Sea water is heated; to increase rate of 
evaporation. Intermolecular forces between 
water particles are overcome. Water vapour 
rises; leaving dissolved salt behind. Water vapour 
is cooled; and condensed; intermolecular forces 
form between water particles. 


2 a_ 100°C 


b Adescription of heating a sample of 
water until it boils; and measuring the 
temperature using a thermometer. 


c_ If the boiling point is 100°C, the water 
should be pure. The further away the boiling 
point is from 100 °C, the more dissolved 
salts the water will contain; and the less 
suitable for use in analysis it will be. 


3 Large objects such as leaves can be screened 
using a sieve. Small insoluble particles sink 
to the bottom of the water by sedimentation. 
Very small insoluble particles are removed by 
filtration. Microorganisms are too small to be 
removed by filtration (on a large scale); they 
are killed by adding chlorine 


4 a_ warning signs; fences; covers 
b warning signs; fences; covers 


c eye protection; breathing equipment; 
gloves 


5 Dissolved salts may react to form cloudy 
precipitates; the salts will be detected by 
machines used in the analysis; the idea of 
a false positive; and/or masking expected 
observations. 


6 a_ Removes insoluble substances; to make 
sure that the solid material left after 
evaporation; was previously dissolved 
salts. 


b A+0.04 g; B +0.45 g; C -0.01 g; D +0.08 g 
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Sample C; the mass of the evaporating 
basin went down; not up. 


The balance can only read to the nearest 
0.01 g; this is within the resolution/ 
precision of the balance. 


Sample B; it contained the most dissolved 
salts. 


$C2e.5 Purifying water — Homework 1 


1 


It contains dissolved salts. 


The particles of dissolved salts are too 
small to be trapped; by the filter 


(simple) distillation 


They float; rather than sink (unless they 
have been in the water a long time). 


They would block the filter beds; stopping 
further filtration happening. 


Chlorine kills bacteria/microorganisms. 


To avoid harming people; drinking the 
water; to stop the water smelling of 
chlorine. 


Inhalation: use breathing apparatus; only 
use chlorine in well-ventilated places. Skin 
contact: wear gloves. Eye contact: wear 
eye protection; face shield. 


It is too expensive; more expensive than 
chlorine. 


Before chlorination; otherwise the chlorine 
will be removed from the water supply 
(and will not be effective). 


$C2e.6 Purifying water — Homework 2 


1 


12 


rivers; lakes; aquifers; ground water 


The water will contain objects such as 
leaves and twigs; dissolved substances; 
some of which may be harmful (e.g. 
fertilisers); small particles of grit and silt; 
microorganisms that may be harmful. 


Screening; using a sieve to remove leaves 
and twigs. Sedimentation; to allow small 
particles to settle out. Filtration; through 
beds of sand and gravel; to remove 

very small particles. Chlorination; to kill 
microorganisms. 


Cloudy, white precipitate (of silver 
chloride) forms. 


Cloudy, white precipitate would form; less 
than with sea water; because tap water 
contains much less sodium chloride. 


It contains dissolved salts. 
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Salt and sugar would both dissolve in water; 
to form a colourless solution. Sugar would 
dissolve in ethanol; to form a colourless 
solution. Salt would not dissolve and would 
form a suspension or a sediment. 


Add the mixture to ethanol; to dissolve the 
sugar. Filter the mixture; to remove the salt; 
as a residue in the filter paper. Dry the salt 
in a warm oven; or on a window sill. 


Use fractional distillation; water and ethanol 
have different boiling points; ethanol would 
evaporate first and more quickly than 
water; when the mixture is warmed. 


Similarities: sea water is heated; water 
evaporates; water vapour is cooled 
and condensed; to form distilled water. 
Differences: the source of heating is 
different (Sun or burning oil). 


A solar still uses a renewable energy 
resource; rather than oil (a non-renewable 
resource); will not produce carbon dioxide; 
will only work on warm days. Which to 
use depends on the local situation; for 
example whether or not oil is in good; 
cheap supply. 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


13 


Simple distillation needs a lot of energy to 
heat the water; the distillation plant must 

be sited near the sea. Treating fresh water 
needs less energy; because there is no 
heating; but it needs more steps; and a 
toxic gas (chlorine) is used; treatment 
plants must be sited near a source of fresh 
water. Which to use will depend on the local 
situation; for example whether fresh water 
sources or sea water sources are abundant. 


Some people may taste it; because 
some can detect chlorine at 0.3 mg/dm°; 
but many probably will not; because 
complaints start at 0.6 mg/dm%. 


0.5 mg/dm? is needed for disinfection in 
30 minutes; tap water contains chlorine for 
a lot longer than this. Using 0.2 mg/dm° 
means that people are unlikely to taste 
chlorine or complain about it. 

It is more important to be certain that 
disease-causing microorganisms are killed; 
than to worry about the smell or taste. 
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SC3a Structure of an atom 
Student Book 


Answers 


Activity and Assessment Pack 
$C3a.2 Atom structures 


ng 1 The tiny particles that make up all iene eye 
substances. Subatomic | Relative | Relative | Arrangement 
% ; ; particle charge | mass of particles 
Poa 2 Matter is made up of tiny spheres called Seanon 4 1 circling the 
atoms; all the atoms of a particular 7835 Hileiaue in 
element are identical. (electron) 
ey 3. The electron. ee 
M, neutron 0 1 in the nucleus 
is 4 4protons; 5 neutrons; 4 electrons proton | 1 iaihe nucleus 
at 5 a Diagram like that shown in figure C; 
with 3 protons and 4 neutrons in the S$C3a.3 Structure of an atom 
centre (nucleus); and 3 electrons Strengthen 
orbiting around it. . 
com mB “Where-ate he same numberet 1. Missing words: particles; broken; identical. 
protons as electrons; the positive 2 From top left around the circle clockwise labels 
and negative charges cancel out. should be: shells; electrons; protons/neutrons; 
me 17 nucleus; protons/neutrons. 
tas . 


3 Missing information row by row: +1; 1; neutron; 


$1 Diagram of an atom, similar to that in figure C; OF inthe nucleus: electron. 


with the following shown and labelled: nucleus, 


E1 


protons, neutrons, electrons, shells (or energy 
levels); it should also show the properties 

of the three subatomic particles as listed in 
table B. 


Particle (a) is an electron; which is negative; 

it is deflected/attracted towards the positive 
charge. Particle (b) is a neutron; which is 
neutral; and is not affected by the electric field. 
Particle (c) is an proton; which is positive; so 

it is deflected/attracted towards the negative 
charge. The electron is deflected more than 
the proton; because it is lighter. 


Exam-style question 
Either 


Dalton’s atom was solid (1) while the modern atom 
is mostly empty space (1) 


OR 


Dalton’s atom was indestructible/couldn’t be broken 
down (1) while modern atom is made up of smaller 
particles, protons, neutrons and electrons (1) 
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Atoms usually have no charge. — There are 
equal numbers of protons and electrons in an 
atom. 


The nucleus is tiny compared to the size of the 
atom. — Most of the atom is empty space. 
The properties of an element depend on its 


atomic structure. — Atoms of the same element 
contain the same number of protons. 


SC3a.4 Structure of an atom 
Extend 


1 


a___ Diagram of an atom with 2 protons and 
2 neutrons making up the nucleus; 2 
electrons in a shell around the nucleus; 
the nucleus and electrons should be 
labelled. 


b_ It is neutral because it has the same 
number of protons (positive charges) and 
electrons (negative charges); they cancel 
each other out. 


c _Dalton’s model was a solid sphere; that 
couldn’t be broken into smaller parts. 


a___Itis attracted towards the negative charge 
because protons are positively charged. 

b Particle (a) is an electron; which is 
negative so it is deflected/attracted 
towards the positively charged plate. 


Particle (b) is a neutron; which is neutral 
and is not affected by the electric field. 


c_ The electron (a) is deflected more than the 
proton (c) because it is lighter. 
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Answers 


d Downwards; towards the negatively 
charged plate. 


e It would be deflected less than the proton (c). 


3. Atoms A and C are of the same element; they 
have the same number of protons. 


SC3a.5 Facts about atoms 
Homework 1 


1 Circled: Atoms of elements are identical. Atoms 
are indestructible. 


2 afalse btrue c false d true e false f false 
g true h true 

3 Corrected statements: 
c Atoms are too small to see. 


e Electrons have a much smaller mass than 
protons or neutrons. 


f Electrons have a relative charge of -1 and 
a negligible relative mass. 


SC3a.6 Different atomic models 
Homework 2 
1. Dalton stated that the atoms of an element were 
identical; different elements had different atoms. 
2 a_ Electrons 
b The small electrons (negative charges) were 
like the plums stuck in a plum-pudding. 


3 Thomson’s model states that atoms of the 
same element have the same number of 
charged particles; different elements contain 
different numbers of charged particles. 


4 a Labelled drawing showing a central 
(positive) nucleus and circling electrons. 


The (central) nucleus. 


c The atom is mostly empty space; or the 
size of the nucleus is tiny compared to the 
size of the atom. 


Protons 
Both are electrically charged. 


1 km; as an atom can be about 100 000 times 
larger than its nucleus; or other reasonable 
explanation. 


SC3b Atomic number and 
mass number 


Student Book 


% 


™= 1 a_ inthe nucleus 
4B 

me 7 + ae 
ee b When Rutherford fired tiny positive 


particles at a gold foil most passed 
straight through; only a very few were 
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deflected or bounced back; so most 
of the atom must be empty space; to 
allow the particles to pass through 
unaffected/without hitting anything 


aoe 2. six 
L/ 
mg 3 a_i Nitrogen has 7 protons; and 7 
. electrons. 
ii Potassium has 19 protons; and 
19 electrons. 
L/ 
oe b _ tellurium and iodine (or cobalt and 
‘ nickel using more accurate relative 
atomic masses) 
L/ 
oy 4 the same number of protons in their nuclei 
1 / 
aoe 5 13 protons; 14 neutrons; 13 electrons. 
(Td 


Explanation should include: number 
of protons is the atomic number; the 
number of electrons must be the same 
as the number of protons; so charges 
are balanced; and the atom is neutral; 
number of neutrons = mass number 
minus atomic number. 


M 55 
cn 
ee 8 — o5Mn 


1/7 
se 7 Hydrogen atoms don’t contain neutrons. 


tae : : j 
Reasoning should include: their mass 
number is 1 so the total number of 
protons and neutrons is 1; because they 
have one proton they cannot have any 
neutrons. 


$1 It has 29 protons; 29 electrons; 36 neutrons. It 
is an atom of copper. It has atomic number 29; 
mass number 65. 


E1 atomic number = protons 
mass number = protons + neutrons 
number of electrons = protons 
number of neutrons = mass number — protons 
number of protons = mass number — neutrons 


Exam-style question 
(i) 90 (1) 
(ii) 222 (1) 


Activity and Assessment Pack 
SC3b.2 Atomic number and mass 
number — Strengthen 

1 aprotons b neutrons c electrons, neutral 


2 O-8protons, 8 electrons, 8 neutrons; 
Zn — 30 protons, 30 electrons, 35 neutrons; 
Au — 79 protons, 79 electrons, 118 neutrons 


mass, 13 and 14 


4 Br-—35 protons, 35 electrons, 46 neutrons; 
Ca — 20 protons, 20 electrons, 20 neutrons 
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SC3b.3 Atomic number and mass 
number — Extend 


1 


Most of the mass of an atom is found in its 
nucleus. The protons and neutrons, each with 
a relative mass of 1, are found in the nucleus. 
The mass of electrons is negligible, these are 
found outside of the nucleus. 


a atomic number = 32, mass number = 72 

b There are 32 protons, 40 neutrons and 32 
electrons in this atom. 

a atomic number = number of protons 

b mass number = number of protons + 
number of neutrons 

c number of electrons = number of protons 

d number of neutrons = mass number — 
number of protons 

e number of protons = mass number — 
number of neutrons 


It contains the same number of positive 
charges (protons); and negative charges 
(electrons); of the same size/magnitude. 


a 33 b 42 c33 d47 e108 £46 g21 h21 
i1jOk1111m110n11 


a Scandium (Sc) atoms are twice the mass 
of sodium atoms (Na). 

b The mass number of scandium is twice 
the mass number of the sodium atom. 

a pele! and Cl 

b They are the same element because they 


have the same number of protons (and 
electrons) in their atoms. 


SC3b.4 Different atoms Homework 1 


1 
2 


4 


aneutrons b electrons c protons and neutrons 
a A-—nucleus; B — electrons 
b protons and neutrons 


nickel 28 and 58; oxygen 8 and 18; osmium 
76 and 190; tin 50 and 118; boron 5 and 11; 
mercury 80 and 201 


a26 b30 c 26. 


SC3b.5 Different atoms Homework 2 


1 


Most of the following points: 

the atom contains a central part 

the central part is called the nucleus 

the protons and neutrons make up the nucleus 
the nucleus/protons are positive 

smaller particles circle the nucleus 


the particles around the nucleus are called 
electrons 
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Answers 


electrons are found in areas called shells (or 
energy levels) 


electrons are negatively charged 


the mass of the atom is concentrated in the 
nucleus 


the mass of the protons and neutrons is much 
higher than that of the electrons 


the model could be improved by making the 
nucleus smaller 


with electrons even smaller and more spread 


out 
the atom is mostly empty space 
2 a_i9 ii10 iii9 
b i;He ii2 iii2 
c 192 ii 235 iii 143 
+127, = rer 
d i¢,! i 53 iii 127 
e isHe ii2 iii2 
3. a  AtomC has the greatest mass as it has 


the highest mass number (largest number 
of protons and neutrons). 


b Atoms B and D are the same element; 
they have the same number of protons/ 
electrons/atomic number. 


c Atom D; its mass number is twice that of 
A. 


d 50g of atom C; atom C is 5 times heavier 
than atom D; (110 / 22 = 5) 


4 a_ The total mass of the electrons is far, far 
less than the mass of protons or neutrons. 


b The charges are opposite; but have the 
same magnitude/size. 


SC3c Isotopes 
Student Book 
73 1 a ilithium-6; iilithium-7; iii lithium-8 
ang b sli; ii {Lis i SLi 
7™— 2 a 92 protons; 143 neutrons 
me b 56 protons; 85 neutrons; 


56 electrons 


Me, 92 
73 ¢ 4,Kr 


sss 4 a 4A Lor 
8's b 3He; 7He 
se 5 a 1:2 


ate b 1:5 


Edexcel GCSE (9-1) 


Sciences Answers 


L / 
78 6 the mean (average) relative mass of its 


ow i 
isotopes 
me 


$1 Isotopes have the same atomic number but 
different mass numbers; this means they have 
the same number of protons (p) and electrons 
(e); but different numbers of neutrons (n); 
for example, *5Cl has 17p, 17e and 18n; 
37Cl has 17p, 17e and 20n 


E1Calculate the mass of 100 atoms by finding the 
sum of (isotope mass number x % abundance) 
for each isotope: 

(24 x 79) + (25 x 10) + (26 x 11) = 2432; 
divide total mass by 100 to find the relative 
atomic mass: 2432 / 100 = 24.32. 


Exam-style question 


Explanation that makes reference to the following 
points: 
° “oNe is the most abundant 


e because the relative atomic mass of an 
element is the mean (average) mass of its 
atoms. 


e the mean mass will be closest to the mass 
number of the most abundant atom 


Activity and Assessment Pack 
SC3c.2 Representing isotopes 


1 
Name Symbol | Atomic | Mass Number of Name and 
number | number mass number 
(Z) (A) protons neutrons | electrons 
hydrogen H 1 2 1 1 1 hydrogen-2 
hydrogen H 1 1 1 0 1 hydrogen-1 
sodium Na 11 23 11 12 11 sodium-23 
potassium |K 19 40 19 21 19 potassium-40 
germanium | Ge 32 73 32 41 32 germinium-73 
argon Ar 18 40 18 22 18 argon-40 
2 
Name Symbol | Atomic | Mass Number of X Name and 
number | number | protons neutrons | electrons mass number 
lead Pb 82 207 82 125 82 Pb | lead-207 
lead Pb 82 204 82 422 82 Pb | lead-204 
aluminium | Al 13 27 13 14 13 “Al | aluminium-27 
gold Au 79 197 79 118 79 ‘yAu | gold-197 
beryllium Be 4 9 4 5 4 “Be beryllium-9 
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SC3c.3 Isotopes — Strengthen 


1 a_ atomic, mass 
b neutrons 
c 50, 50; tin-118, 50 


2 neutrons, protons 
Element symbol | Atomic number | Mass number Number of ... 
(Z) (A) protons neutrons electrons 
Mg 12 24 12 12 12 
Zn 30 65 30 35 30 
Te 52 128 52 76 52 
Co 27 59 27 32 27 
3 a 2S 
4He and 2H; 32S and '6O 
c_ The relative atomic mass of an element is 
the average mass of the isotopes of the 
element, so is unlikely to be an exact whole 
number. 
SC3c.4 Isotopes — Extend 
1 Step 1 Find data on the mass and abundance 
of the isotopes. 
Step 2 Calculate the mass of 100. 
Step 3 Calculate the mean mass of an atom by 
dividing by 100. 
Step 4 The mean mass = the relative atomic 
mass. 
a 107.96; b 28.11; ¢ 47.92 
Element name __ | Atom in the Atomic Mass Number of 
and symbol form 7X number number protons neutrons | electrons 
barium, Ba Ba 56 138 56 82 56 
nickel, Ni Ni 28 60 28 32 28 
b for example, Ba (similar sized mass 
number) 
c They have different numbers of neutrons 
in the nucleus. 
4 a_ They are the same; in the ratio 1:1. 
b= TI-203 is 30%; TI-205 is 70% 
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SC3c.5 Making sense of atoms 
Homework 1 


1 a_ protons; b mass 
2 a 
Name Atomic Mass Number of 

number |number | protons | neutrons | electrons 
hydrogen 1 1 1 0 1 
hydrogen 1 2 1 1 1 
hydrogen 1 3 1 2 1 


b isotopes; c neutrons; d electrons 
3 a 


Answers 


Name |Z A Number of 


Abundance in natural lead samples 


neutrons 
124 


protons 


lead 82 206 82 


electrons 
82 


26.5% 


lead 82 207 82 125 


82 


26.5% 


lead 82 208 82 126 


82 


47% 


b_ The relative atomic mass is the average 
mass of its isotopes; which have different 
masses. 


SC3c.6 Making sense of atoms — 
Homework 2 


1 Chemical reactions don’t change the number 
of protons in an atom’s nucleus; it is the atomic 
number that defines an element. 


electrons 


The completed table is 


Mass 
number 


Atomic 
number 


Notation in 
the form ox 


Element 


Number of 


protons 


neutrons 


electrons 


235 


uranium gol 92 235 


92 


143 


92 


caesium pees 55 140 


rubidium | 3SRb 37 93 


55 
37 


85 
56 


55 
37 


92 protons; 144 neutrons; on both sides 
p = 37; g = 13; X is Al 

a "1B has one more neutron than "B. 
b 10.8 


7 The mass number of an atom is the number 
of protons and neutrons in its nucleus; so it 
must be a whole number. The relative atomic 
mass of an element is the average mass of the 
isotopes of the element; so is unlikely to be an 
exact whole number. 


8 When aneutron hits and breaks up a large 
nucleus; it produces two (or three or more) 
neutrons; which could go on and break up more 
large nuclei (and so the reaction keeps going). 
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SC4a Elements and the periodic 
table 


Student Book 


M% : F F ; 
6*@ 1 relative atomic masses (atomic weights), 


i\g 2 é 
chemical properties 


& 

3 2 Mendeleev swapped the positions of 
iodine and tellurium in his table to suit 
their properties better; so iodine was in 
the same row as chlorine, bromine and 
iodine; with similar chemical properties. 

rl ; ; 

oe 3. U; uranium 

7 4 copper, silver and gold; appear twice; in 

id brackets 

ng 5 Mendeleev predicted its properties; 


using his periodic table; these were very 
close to gallium’s properties. 


$1 Elements were placed in order of increasing 
relative atomic mass; the order of elements 
was swapped if that meant elements with 
similar properties were next to each other; 
the table had gaps for elements not then 
discovered; the table was used to make 
predictions about the properties of elements 
not then discovered. 


E1 Mendeleev used the latest atomic weights; he 
broke the order of increasing atomic weight 
if that meant elements with similar properties 
were next to each other; he left gaps for 
elements not then discovered; he used his 
table to make predictions about the properties 
of elements not then discovered. 


E2 The later discovery of elements with properties 
similar to those he had predicted using his 
table; e.g. gallium, scandium, germanium and 
polonium. 


Exam-style question 
Two from the following for 1 mark each: 
e his table had gaps/it was not complete 


e there was no evidence that more elements 
would be discovered 


e noreason for arranging elements in order 
of atomic weight (relative atomic mass) 


e he changed the order of some elements 


e predictions could not be backed by 
evidence at that time 


e he put metals and non-metals together. 
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Activity and Assessment Pack 
$C4a.1 Sorting elements 


Expected answer for Support: 
Li, Na, K; Mg, Ca, Sr; F, Cl, Br. 


Expected answer for Stretch: 
Li, —, K; Mg, -, Sr; F, -, Br, I. 


Students must provide supporting arguments for 
their answers, rather than just putting the elements 
in the order seen in the periodic table. 


$C4a.2 Making predictions 


1. elements names correctly given: lithium, 
sodium, potassium; chlorine, bromine, iodine 


2 predictions based on means of the information 


given, e.g. 
Property | Na Ge Br 
A, 23 73.5 81.25 
metal/ metal non-metal/ | non-metal 
non-metal metal/ 
metalloid/ 
semi-metal 


density 0.71 g/cm? | 4.85 g/cm? | 2.45 g/cm? 
melting 121.5°C | 823°C 6.5 °C 

point 
boiling 1050.5 °C | 2933.5°C | 77.5 °C 
point 


final reacts very | 4.79 g/cm? | coloured 
comment | quickly liquid 
with water 


3 Li, Na, K are in group 1; Si, Ge, Sn are in 
group 4; Cl, Br, | are in group 7; in descending 
order 


SC4a.3 Mendeleev’s 1871 table 
Strengthen 


1 a 19 
b they increase 


c They are swapped; tellurium comes before 
iodine but it has a higher relative atomic 
mass/atomic weight. 


d_ to leave spaces for undiscovered 
elements; to help him align elements to 
suit their properties 


2 a_ onereason, e.g. chlorine, bromine and 
iodine have similar chemical properties; 
the formulae of their compounds are 
similar; their compounds with hydrogen 
all consist of one hydrogen atom and one 
other atom 


b ~H,O; because hydrogen telluride is HzTe; 
and O and Te are in the same column 
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c_ This value fits the order of increasing 
relative atomic mass; it is about half-way 
between 122 (Sb) and 127 (I). 


d Mendeleev predicted it using his table; if it 
exists, his ideas are supported. 


S$C4a.4 Mendeleev’s tables 
Homework 1 
1 a_ He; Ne; Ar; Kr; Xe 


b_ They are the first two letters in the 
element’s name; all start with a capital 
letter; have two letters. 


c The symbol for radium is Ra/Ra; was 
already used. 


2 a- relative atomic masses/atomic weights 
b They have similar (chemical) properties. 
c_Itis the mean (average) of 40 and 48. 

3  a_ from left to right: 4.85; 1.85; 86 
b Its properties fitted the predicted properties 


for the element in Mendeleev’s gap. 


SC4a.5 Mendeleev’s periodic tables 
Homework 2 


1 a_ from left to right: sodium; magnesium; 
aluminium; silicon; phosphorus; sulfur; 
chlorine 

b relative atomic mass/atomic weight 


c increasing relative atomic mass/atomic 
weight 


They have similar (chemical) properties. 


e It was a gap; left for an undiscovered 
element; that he predicted would exist. 


2 a_ from left to right: 73; 4.85; 1.85; 86 


b They were similar to the means; except for 
the density of the element; and the boiling 
point of the chloride. 


c The predictions for atomic weight and 
densities (of the element and chloride) were 
close; the predicted boiling point of the 
chloride was much higher and further from the 
value for germanium than the mean value. 


d_ Without accurate results for germanium, 
it would not have been clear which of 
Mendeleev’s predicted elements Winkler 
had discovered, making the predictions 
less valid. 


3 a_ suitable graph plotted; with axes correctly 
labelled; points plotted correctly; two 
labelled lines of best fit drawn 


b melting point and boiling point of chlorine 
taken from graph (e.g. about -160 °C and 
-115 °C; accepted values are -101 °C 
and —-34 °C) 
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ce fluorine and chlorine are gases; bromine is 
liquid; iodine is solid 


SC4b Atomic number and the 
periodic table 


Student Book 


1 / 
ay 


1 / 
ae 


1 / 
ane 


tus 


$1 


E1 


1 The group 0 elements are inert/very 
unreactive; they are all gases so difficult 
to see; they do not form compounds for 
chemists to analyse. 


2 Mendeleev’s atomic numbers were just 
positions on his periodic table; Moseley’s 
atomic numbers are the number of 
protons in the nucleus. 


3 Te 128;1127 


4 The atomic number of tellurium is less 
than the atomic number of iodine; the 
properties of tellurium are similar to 
(other) group 6 elements; the properties 
of iodine are similar to (other) group 7 
elements; tellurium reacts with oxygen 
but iodine does not; iodine reacts with 
water but tellurium does not; the formula 
of H.Te matches the formulae HO, H.S 
and H,Se; the formula of HI matches the 
formulae HF, HCI and HBr. 


5 Metals are on the left; non-metals are on 
the right; zig-zag boundary starting at B— 
Al-Si. 


The element in the gap had not yet been 
discovered; the graph does not show the 
data for this element. 


They are arranged in order of increasing 
atomic number; periods are rows with elements 
with increasing atomic number; groups are 
columns with elements with similar properties. 


The modern periodic table is arranged in order 
of increasing atomic number; periods are rows 
with elements with increasing atomic number; 
groups are columns with elements with similar 
properties; metals on the left; non-metals 

on the right; inert gases in group 0 on the 
right; metal/non-metal boundary is a zig-zag 
line starting at B—Al—Si; elements can be in 
reverse order of relative atomic mass (e.g. Te/I, 
Ar/K); transuranium elements are in period 7; 
period 1 has two elements; periods 2 and 3 
have eight elements; periods 4 and 5 have 18 
elements; there is a jump between Z = 57 and 
Z = 72; there is a jump between Z = 89 and 

Z = 104. 
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Exam-style question 
a Ar—K/argon and potassium (1) 


Elements in period 7 have uncertain relative 
atomic masses so should not be included in an 
answer. 


Cobalt and nickel show pair reversal if their 
relative atomic masses are given to 1 decimal 
place (58.9 and 58.7). 


b They would be in the wrong groups/they would 
be in the wrong period/they would not be with 
similar elements. (1) 


Activity and Assessment Pack 


SC4b.1 Properties of metals and 
non-metals 


1. volume of each piece of substance calculated 
correctly 


2 density of each piece of substance calculated 
correctly using the values calculated in 
question 1, and the masses as recorded 


3. shiny: aluminium, copper, graphite; conductors: 
aluminium, copper, graphite; malleable: 
aluminium, copper 


4 a_- shiny, conduct electricity, malleable (not 
brittle), high(er) density 


b dull, do not conduct electricity, brittle (not 
malleable), low(er) density 


c Graphite is a form of carbon (a non-metal); 
that is shiny; and a conductor of electricity. 


SC4b.2 Periodic table puzzle 


Correct order: 


period group chlorine 
atomic number number of protons | bromine 


relative atomic tellurium iodine 


mass 


SC4b.3 Arranging elements 
Strengthen 
1 =a group numbers 1-7, 0, written across the 
top in correct places 
period numbers 1—7 written down the side 


c atomic numbers 1—20 written in correct 
boxes 


d= zig-zag line drawn; starting between B-Al 
and Al-Si; ending between Po-At 


e non-metals to the right of the zig-zag line 
shaded; including hydrogen 


number of protons; in the nucleus; of an atom 


atomic number/proton number 
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4 a 1127; Te 128 


153; Te 52 


The atomic number of Te is lower than that 
of |; so Te should come first. 


SC4b.4 Atomic number and the 
periodic table - Homework 1 
1 a_ features described in boxes, e.g. clockwise 
from top left: relative atomic mass; element 
symbol; group number; period (4); group 
(2); atomic number/proton number 
b = Zig-zag line drawn starting between B-Al 
and Al-Si; ending between Po-At 
2 a_ The relative atomic mass of tellurium; 128; 
is greater than that of iodine; 127. 
b = The atomic number of tellurium; 52; is less 
than that of iodine; 53. 
c_ isotopes 
3 =a The number of protons; in the nucleus; of 
an atom. 


b They have similar (chemical) properties; 
they are both inert/unreactive; gases. 


SC4b.5 The periodic table and 

atomic number — Homework 2 

1 a_ The position of an element; in the periodic 
table. 

b The number of protons; in the nucleus; of 

an atom. 

2 a_ increasing; atomic number/proton number 
rows — periods; columns — groups 


c_ inorder of increasing atomic number; 
increasing by 1 each time 


d_ They have similar (chemical) properties/ 
they have the same number of electrons in 
their outer shell. 


e to the left; zig-zag line starting between 
B-Al and Al-Si 


3 a_ Nickel has a lower relative atomic mass; 
than cobalt. Mendeleev ordered elements 
in increasing relative atomic mass. 

b to match the chemical properties; of the 
elements nearby 

c Cobalt has a lower atomic number; than 
nickel. The modern periodic table is 
ordered in increasing atomic number. 

d_ Both have the same relative atomic mass; 
59; to the nearest whole number. 


4 a_ Argon has a lower atomic number; than 
potassium. 


b Calcium has a higher atomic number; than 
potassium. 
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5 a 3.66+6.2 + 8.75 + 23.94 + 40.96 + 44.2 
= 127.71 = 127.7 (to 1 decimal place) 


b_ The first decimal place number is 7; which 
is 5 or more; so the number is rounded up; 
to 128. 


c The presence of isotopes may cause a 
higher relative atomic mass than expected; 
for example tellurium has several isotopes; 
two of these have higher mass numbers 
than the mean/the relative atomic mass; 
the relative atomic mass of tellurium is 
127.7; the relative atomic mass of iodine is 
127; so iodine should be placed first if the 
elements are ordered by relative atomic 
mass; the atomic number of tellurium is 
52; the atomic number of iodine is 53; 
so tellurium should be placed first if the 
elements are ordered by atomic number. 


SC4c Electronic configurations 
and the periodic table 


Student Book 


e. 3 
7™g 1 the arrangement of electrons; in shells; 
in an atom 


m8 2 ~=There are 11 electrons; the shells cannot 
hold this number; the first shell can hold 
two electrons; the second and third 
shells can hold eight electrons. 


8"§ 3 Count the number of electrons in the 
diagram; add up the numbers in the 
written electronic configuration; this sum 
should be equal to the atomic number 
(the number of protons in the nucleus). 


ss 4 2.8.5 


ss 5 They all have the same number of 


Ca? : . 
electrons; one electron; in their outer 
shell. 

ve 
wae 6 They have the same number of 


occupied shells; three shells; so they are 
both in period 3. 


$1 Use the atomic number; to determine the 
number of electrons; up to two electrons in the 
first shell, up to eight electrons in the second and 
third shells, write out the numbers separated by 
full stops; draw circles for the shells; number of 
circles is equal to the number of numbers, draw 
dots or crosses; to represent each electron. 


E1 Use the atomic number; to determine the 
number of electrons; up to two electrons in 
the first shell, up to eight electrons in the 
second and third shells, write out the numbers 
separated by full stops; draw circles for the 
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shells; number of circles is equal to the number 
of numbers, draw dots or crosses; to represent 
each electron; the number of occupied shells 

is equal to the period number; the number 

of electrons in the outer shell is equal to the 
group number; except for group 0; where the 
outer shell is full. 


Exam-style question 


They both have the same number of electrons in 
their outer shell. (1) 


They both have two electrons in their outer shell. (2) 


Activity and Assessment Pack 
SC4c.1 Twenty electronic 
configurations 

1 a1 


b —_asingle cross on the dashed circle 


2 Electronic configurations written out correctly 
for each element 


H He Li Be B 

1 2 2.1 2.2 2.3 

Cc N O F Ne 
2.4 2.5 2.6 2.7 2.8 
Na Mg Al Si P 
2.8.1 2.8.2 2.8.3 2.8.4 2.8.5 
S) Cl Ar K Ca 
2.8.6 2.8.7 2.8.8 2.8.8.1 | 2.8.8.2 


3. Electronic configurations drawn correctly for 
each element; electrons shown as crosses (see 
diagram D in SC4c Electronic configurations 
and the periodic table in the Student Book). 


$C4c.2 Electronic configurations 
Strengthen 


1. electronic configuration 

2 from left to right: 3, 8, 13, 18 

3 from left to right: 2.1; 2.6; 2.8.3; 2.8.8 
4 


Li: two crosses in first circle; one in second 
circle. Al: two crosses in first circle; eight in 
second circle; three in third circle. 


5 Oxygen: O at centre; two concentric circles; 
two crosses in first circle; six crosses in second 
circle. Argon: Ar at centre; three concentric 
circles; two crosses in first circle; eight in 
second circle; eight in third circle. 


6 They are the same/equal in number. 


Edexcel GCSE (9-1) 


Sciences 


Answers 


S$C4c.3 Electronic configurations 

Homework 1 

1. The arrangement of electrons; around the 
nucleus; in an atom. 

a 2 

b 2.4 

c 2.6 

d 2.8.7 

e 2.8.8.2 


3 diagram shows symbol S at centre; three 
concentric circles; two dots or crosses in the 


first circle; eight dots or crosses in the second 


circle; six dots or crosses in the third circle 


4 The number of electrons; in the outer shell; is 


equal to the group number; so they are in group 1. 


5 The number of numbers in the written 
configuration/number of occupied shells in a 


diagram; is equal to the period number; so they 


are all in period 2. 


SC4c.4 Configurations and the 
periodic table - Homework 2 


1. The arrangement of electrons; around the 
nucleus; in an atom. 


2 He2;C 2.4; 0 2.6; Cl 2.8.7; Ca 2.8.8.2 
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Nitrogen: N at centre; two concentric circles; 
two crosses in first circle; five crosses in 
second circle. Argon: Ar at centre; two crosses 
in first circle; eight in second circle; eight in 
third circle. 


a The number of electrons; in the outer 
shell; is equal to the group number; except 
for group 0 when the outer shell is full; 
group 1 — 2.1, 2.8.1, 2.8.8.1; group 0 — 2, 
2.8, 2.8.8. 

b The period number is equal to the number 
of numbers in the electronic configuration/ 
number of occupied shells in a diagram; 
period 2 — 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 
2.8. 


a group 7; its last number is 7 

b period 4; it has four numbers/four 
occupied shells 

c 2+8+18+7=35 

d Xand X (students may also identify X as 
Br) 


a___Li (lose) 1; Be (lose) 2; B (lose) 3; C (lose 
or gain) 4; N (gain) 3; O (gain) 2; F (gain) 1 


b They can gain or lose four electrons to 
form ions. 
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Sciences 


Answers 


SC5a lonic bonds 
Student Book 


% fs 
7™g 1 = a lons are atoms which are charged 


al (because they have lost or gained 
2 electrons). 

3 b A cation is a positive ion as it has 
lost electrons. An anion is a negative 
ion as it has gained electrons. 

M% 


7™s 2 a Theatoms are becoming more 
stable by attaining an electron 
arrangement like a noble gas. 


is b The attraction between the positive 
and negative ions holds the ions 
together in an ionic bond. 
= ee 
we . 
M _ 
my b Se2 
ae 
ae 4 16 
os a 
fa 
17 
aos c because it gains two electrons to 
rae 
complete its outer electron shell 
M% 


ws 5 a 13 protons, 14 neutrons and 
10 electrons 


me b Als* 


ss 6 Dot and cross diagrams for magnesium 
and oxygen, both with two shells with 
electron arrangements 2.8. The electron 
symbols in magnesium are all the same 
(either all dots or all crosses), but two of 
the outer electron symbols in the oxygen 
are different from the rest. 


$1. When lithium and fluorine react to form an ionic 
bond the lithium atom loses an electron to form 
a positive lithium (cat)ion and the fluorine atom 
gains an electron to form a negative fluoride 
(an)ion. 


electrons 2 
transferred 4 


2.8 
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Exam-style question 
a Br (1) 
b bromide ion has gained an electron (1) 


Activity and Assessment Pack 


SC5a.1 Rules for forming ions 


1. Order: H He 
Li Be B Cc N O F Ne 
Na Mg Al Si P Ss Cl Ar 
K Ca 


2 the same number of electrons in their outer 
shell 


1+; 24534; 4+ or a=) 3; 2-5 1= 


4 Elements in groups 1, 2 and 3 lose 1, 2 and 3 
electrons, respectively. Elements in groups 5, 
6 and 7 gain 3, 2 and 1 electrons, respectively. 
Elements in group 4 can gain or lose 4 
electrons. 


They do not form ions. 
a 13p/14n/10e b 7p/8n/10e 


SC5a.2 Atoms and ions information 
cards 


Missing information: argon — no loss or gain; 
boron — B, loses 3e, B**; 
beryllium — Be, loses 2e, Be?*; 
calcium — loses 2e, Ca?+; 
chlorine — Cl, gains 1e, Cl; 
fluorine — F, gains 1e, F-; 
hydrogen — loses 1e; 

lithium — Li, loses 1e, Li*; 
magnesium — loses 2e, Mg?*; 
neon — Ne; 

nitrogen — N, gains 3e, N*; 
oxygen — O, gains 2e, O7; 
phosphorus — gains 3e; 
potassium — loses 1e; 

silicon — Si; 

sodium — Na, loses 1e, Na’; 
sulfur — S gains 2e, S?-. 


S$C5a.3 Forming ions — Strengthen 


1 aelectrons b positively, loses c negatively, 
gains d complete, noble gas/group 0 


alithium b fluorine c Lit and F~ 


The lithium atom has two electrons (two 
dots) in the first inner shell. (The second and 
third shells are empty.) The fluorine has two 
electrons (two crosses) in the first inner shell 
and eight electrons (seven crosses and one 
dot) in the second shell. (The third shell is 


empty.) 
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Sciences 


Answers 
4 
lon symbol Atomic number | Mass Number | Protons Neutrons Electrons 
K* 19 39 19 20 18 
S$?" 16 32 16 16 18 


SC5a.4 lons and ionic bonds 
Homework 1 


1. charged, lost 
2 negative 
3. anions 
4 
Group |Group | Group | Group 
1 2 6 7 
Example Li or Mgor |S For Cl 
atom Na Ca 
lon charge | 1+ 2+ 2- 1- 
Example | Lit Mg?* S$? Fo 
ion 
5 a_ notcrossed out, in order: sodium, chlorine 


b Opposite charges attract (the sodium 
ion is positive and the chloride ion is 
negative). 


6 Arrows go from the two outer electrons in 
shell 3 of the magnesium and take them to the 
outer shell of the oxygen atom. The bottom left 
diagram should show two dots in the first shell 
and eight dots in the second shell. The bottom 
right diagram should show two crosses in the 
first shell and six crosses plus two dots in the 
second shell. 


SC5a.5 Electron transfer and ions 
Homework 2 


1. When electrons are transferred between 
atoms, the atom that loses the electrons 
becomes a positive cation and the atom that 
gains the electrons becomes a negative anion. 


2 
Element | Electron Group Metal or Electrons How many | Charge lon 
arrangement |number | non-metal lost or electrons | onion symbol 
gained 
Li 2.1 1 metal lost 1 1+ Li* 
Na 2.8.1 1 metal lost 1 1+ Nat 
Mg 2.8.2 2 metal lost 2 2+ Mg?* 
Al 2.8.3 3 metal lost 3 3+ Als* 
O 2.6 6 non-metal gained 2 2- O02 
Ss 2.8.6 6 non-metal gained 2 2- S* 
F 2.7 7 non-metal gained 1 1= Fo 
Cl 2.8.7 7 non-metal gained 1 1- cr 
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Sciences 


Answers 


3. a_ group 1 = 1+, group 2 = 2+, group 3 = 3+, 
group 6 = 2- and group 7 = 1- 
b Metals form positive ions and non-metals 
form negative ions. 


4 a_ iatomic number ii mass number 
iii ion charge iv symbol of element 


b 38 protons, 50 neutrons and 36 electrons 
c Gas, 8Se2-, 8cut 


5 Diagrams should show that the magnesium 
atom has two electrons in the first inner shell, 
eight electrons in the second shell and two 
electrons in the third shell. 

The oxygen atom has two electrons in the first 
inner shell and six electrons in the second shell. 
Arrows go from the two electrons in the third 
shell of magnesium towards the two spaces in 
the second (outer) shell of the oxygen. 


6 a_ Diagrams should show one aluminium 
atom with two electrons in the first inner 
shell, eight electrons in the second shell 
and three electrons in the third shell. 

The one nitrogen atom has two electrons 
in the first inner shell and five electrons in 
the second shell. 

Arrows go from the three outer electrons 
in the third shell of the aluminium atom 
towards the three spaces in the second 
(outer) shell of the nitrogen. 


b Diagrams should show two sodium atoms 
with two electrons in the first inner shell, 
eight electrons in the second shell and 
one electron in the third shell. 

The one oxygen atom has two electrons in 
the first inner shell and six electrons in the 
second shell. 

Arrows go from the two outer electrons in 
the third shell of each sodium atom towards 
the second (outer) shell of the oxygen. 


SC5b lonic lattices 
Student Book 


17 
me 4 a___ electrostatic attractions (attractions 


- 
= between oppositely charged ions) 
™% 


ee b the shape of the ions forms a 
fae. 
regular cube shape 


1/7 
ae 2 they have a regular shape, flat surfaces 
and sharp edges 


es 3 a NaF 


6s c MgBr, 
og d AIO; 
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$1 


E1 


4 a Theiron ion has a 3+ charge (Fe**). 


b The formula needed 3 x CI ions to 
balance the 3+ charge. 


5 a Na,CO; 
b = (NH,4)2SO, 

6 a_ lithium phosphate 
b__Li* and PO,*. 


lonic compounds form a regular repeating 
(grid-like) arrangement of ions, called a lattice 
structure, with opposite charged ions attracted 
to each other. Students should include a 
drawing to show the regular arrangement of 
ions in a repeating pattern and ions beside 
each other with opposite charges. 


The name is iron phosphate. The ions in it are 
iron Fe2* and phosphate PO,*-. It contains two 
phosphate ions for every three iron ions. The 
ratio of atoms is 3 Fe: 2P:8O. It forms a 
lattice structure. 


Exam-style question 


a 


b 


The formula of potassium iodide is KI and the 
formula of potassium iodate is KIO3. (1) 


Potassium iodide and potassium iodate are 
both: ionic compounds OR formed by loss and 
gain of electrons OR lattice structures OR held 
together by electrostatic forces; or contain the 
elements potassium and iodine (in the ratio 
1:1). (1) 

Potassium iodate also contains the element 
oxygen OR potassium iodide only contains two 
elements. (1) 


Activity and Assessment Pack 


SC5b.2 Polyatomic ions 


1 


calcium carbonate CaCO, 
aluminium nitrate Al(NO3)3 
sodium sulfate Na,SO, 
magnesium hydroxide Mg(OH), 
aluminium hydroxide Al(OH); 
ammonium sulfate (NH4)2SO, 
barium nitrate Ba(NO3)> 

lithium carbonate Li,CO3 
calcium phosphate Ca3(PO,). 
ammonium chloride NH,Cl 
potassium chlorate KCIO3 
magnesium hydrogen carbonate Mg(HCOs3). 
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Sciences 


Answers 


2 
lonname_ | lon lon name | lon 
formula formula 
carbonate | CO,2 phosphate | PO,3- 
hydroxide | OH™ sulfate SO, 
ammonium | NH,* nitrate NO3” 
chlorate ClO3- hydrogen | HCO,” 
carbonate 


S$C5b.3 Looking at ionic structures 

Strengthen 

1. The missing words on the diagram are: 
negative; cation; lattice. 


The missing words in the sentences are: 
electrostatic; positively/negatively; negatively/ 
positively; ions; billions. 


2  Thecorrect names or formulae are: Na,O; 
calcium sulfide or CaSO,; NH,Cl; LiCl; MgO; 
calcium nitrate or Ca3N>. 


SC5b.4 Lattice numbers 
Homework 1 


1 a _ aregular repeating pattern of atoms or ions 
b ionic bond 
c electrostatic 

2 The missing information from the positive ion 


table is: name: lithium, magnesium; 
formula: Al§*; charge: 1+, 1+, 2+, 2+. 


The missing information from the negative ion 
table is: name: nitride, nitrate; 
formula: Cl-; charge: 3-, 1-, 2-, 2-. 
3. a_ The missing formulae are: NaCl; Na3N; 
CaCl,; Ca3N,; Al,O3; AIN. 
b The missing formulae are: NH,NO3; 


(NH4)2SO,; Ca(NO3)2; CaCO3; NaNO3; 
Na,SO,; Naz,CO3. 


SC5b.5 Lattice formulae 
Homework 2 


1 a = aregular repeating pattern of atoms or ions 


b drawing completed showing Mg?* next to 
O2 and O? next to Mg?2* 


c MgO 
1000 

e There would be twice as many CI ions as 
Mg?* ions. 


2 The forces involved are called electrostatic, 
which are forces of attraction between positive 
and negative charges. Thus the positive and 
negative ions formed in ionic bonds are attracted 
to each other and form a lattice structure. 
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Nal 
MgBr. 
CsCl 
BaO 
Mg3P2 
CaN, 
Al,(SOx)3 
Ca(NO3)2 
Sr(OH)> 
j  (NH4)2CO3 
4  -~ide ending compounds contain two elements; 
—ate compounds contain two elements + oxygen. 
cobalt chloride; Co** and Cl- 
potassium borate; K* and BO,°- 
sodium phosphate; Na* and PO,°- 
magnesium chlorate; Mg2* and ClO,~ 
cobalt carbonate; Co** and CO.2- 


sa ~o Q0 30 ® 


oaoa o 


SC5c Properties of ionic 
compounds 


Student Book 


Pe, 1 F 
5th 
<¢ Ions 
M : ‘ 
s“= 2 electrostatic forces of attraction (allow 


v iva 
ionic forces) 
L/S Fl 
is 3. there are strong electrostatic forces 


of attraction between the ions; a lot of 
energy is needed to separate the ions/ 
overcome these forces 


Ko Fags a: 
ss 4 Magnesium ions have two positive charges 


tae : : ae 
but sodium ions have only one positive 
charge; oxide ions have two negative 
charges but chloride ions have only one 
negative charge; there are much stronger 
electrostatic forces of attraction between 
ions with two charges than between ions 
with one charge; so more energy is needed 
to separate the ions/overcome the forces. 


73 5 Sodium chloride will be molten, so will 
conduct electricity; magnesium oxide will 


still be solid, so will not conduct electricity. 
L/ 


OO F 
s*s 6 the ions are free to move 
Cas? 


L/ 
som 7 Magnesium oxide needs to be molten/ 


¥ 
liquid to conduct electricity. 
$1 Adescription including: 
e heat the substance and see if it melts 


e ionic compounds have high melting points 
and many will not melt when heated with a 
Bunsen burner 
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Sciences 


Answers 


e test to see if the solid conducts electricity 


e ionic compounds do not conduct electricity 
when solid 


e add alittle of the solid to water to see if it 
dissolves 


e most ionic compounds are soluble in water 


e if it dissolves, test to see if the compound 
conducts electricity 


e description or diagram of a circuit 


e the bulb will light if the substance is an 
ionic compound. 


E1 Compound A has ionic bonding as it has a 
high melting point and conducts electricity 
when molten. It is insoluble in water, but not 
all ionic compounds are soluble. 


Compounds C and D have ionic bonding as 
they have high melting points, are soluble in 
water and conduct electricity when molten. 
These are all typical properties of an ionic 
substance. 


Compound B does not have ionic bonding 
as it has a low melting point, is insoluble in 
water and does not conduct electricity when 
molten. 


Compound E does not have ionic bonding. It is 
soluble in water like most ionic compounds, but 
it has a low melting point and does not conduct 
electricity when molten. 


Exam-style question 


There is a strong force of attraction (1) between 
oppositely charged ions (1) so a lot of energy is 
needed to separate the ions (1). If mention of 
molecules or covalent bonding is included in the 
answer the score should be 0. 


Activity and Assessment Pack 
SC5c.1 Identifying ionic compounds 


1 Copper sulfate, potassium iodide and sodium 
chloride have ionic bonding, because they 
contain a metal and a non-metal. 


3 copper sulfate, potassium iodide, sodium 
chloride 


4 water and possibly ethanol and sugar 


a__ ethanol and sugar, or none 
b They were soluble in water but the lamp 
did not light. 


6 heat the substance to see if it has a low 
melting point or a high melting point; ionic 
substances usually have high melting points 


SC5c.2 Properties of ionic 


compounds 
1 a_ high 
b no 
c yes 
dyes 
2 a_ Substance A because it has high melting 


and boiling points, does not conduct 
electricity when it is a solid but does conduct 
when it is a liquid and in aqueous solution. 


Substance C because it has fairly high 
melting and boiling points, does not 
conduct electricity when it is a solid but 
does conduct when it is a liquid and in 
aqueous solution. 


Substance F because it has high melting 
and boiling points, does not conduct 
electricity when it is a solid but does 
conduct when it is a liquid. 


b Substance B because although it has very 
high melting and boiling points, it conducts 
electricity when it is a solid and ionic 
compounds do not. 


Substance D because although it has high 
melting and boiling points, it conducts 
electricity when it is a solid and ionic 
compounds do not. 

Substance E because it has fairly low 
melting and boiling points and it does 

not conduct electricity when it is a liquid, 
which ionic compounds do. 


3 conducts electricity when molten 


2 

Substance Soluble in water? | Does the lamp Observation at Observation at 
light? positive electrode | negative electrode 

water not applicable no no change no change 
copper sulfate yes yes bubbles brown solid forms 
ethanol yes no no change no change 
potassium iodide yes yes brown solution bubbles 
sodium chloride yes yes bubbles bubbles 
sugar yes no no change no change 
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SC5c.3 Properties of ionic 5 D 

compounds -— Strengthen 6 the ions can move (between the electrodes) 

1. a_ high 7 Calcium ion is Ca2* whereas potassium is K* 
b high and oxide ion is O7- whereas chloride is CI-; 


there is much stronger attraction between ions 


2 find out whether the substance conducts with two charges than between ions with one 


electricity when it is molten 


charge. 
3 a_ ions 
b electrostatic forces of attraction SC5c.5 Using ionic substances 
clonic compounds have high melting Homework 2 
points. This is because there are strong 
: , 1 a AlL,O, 
electrostatic forces of attraction between 
b AgNO; 


the ions; and so a lot of energy is needed 
to separate the ions/overcome the forces. 2 ‘There are strong electrostatic forces of 
attraction between the ions; a lot of energy 


oR aS coe er ore uneadiam is needed to separate the ions/overcome the 


including: low voltage supply, lamp and 


two graphite electrodes connected with onees 

wires, the graphite electrodes are dipping 3 a Sodium chloride would melt at the high 

into a beaker of solution temperature in the kiln. 
b = The lamp would light. b = Aluminium ions have a higher charge (3+) 
B than sodium ions (+); oxide ions have a 

higher charge (2—) than chloride ions (—); 

They conduct electricity when the ions are free there is a stronger attraction between ions 
to move. with higher charges; so more energy is 


needed to separate them. 


SC5c.4 lonic compounds 4 it contains ions (charged particles); that can 
Homework 1 move 
1 ae Nal 5 the ions cannot move 
b K,0 6 a 10 electrons in each ion 
c MgO b i The ions have lost the electrons in the 
d CaBr, outer shell; the protons in the nucleus 
2 diagram completed with alternating + and — eee remaining Slacions mle 


signs 
ii Aluminium has more protons in 
the nucleus than sodium has (with 
magnesium being intermediate 
between the two); the greater number 
of protons attract the electrons more 


4 upper label: lamp strongly. 
lower label: (graphite) electrode(s) 


3. lonic compounds have high melting points. 
There are strong electrostatic forces of 
attraction between the ions so a large 
amount of energy is needed to separate them. 
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Answers 


SC6a Covalent bonds 
Student Book 
17 
5" 1 a  Amolecule is a group of atoms held 
together by bonds. 
17 
oe b Amolecular formula tells you the 
Bi . 
number of atoms of each element in 
a molecule. 
M% 
oe 2 a Oz 
L/ 
3 b ‘They have a stable electron 
arrangement with a complete outer 
shell (2.8). 
1 / 
3 3. a_ by atoms sharing (pairs of) 
electrons 
™ = b  Hy HCI: 0,;CO 
ow 2) , 2) Z 
rea 


ss 4 Drawing of two circles overlapping. One 
cross and one dot in the overlap area, 
with seven dots on the rest of one circle 
and seven crosses on the rest of the 
other circle. (Could also have two smaller 
circles inside the larger ones, with two 
crosses on one and two dots on the 
other.) 


6s 5 The electrostatic forces of attraction 
between the positive nuclei and the 
negative electrons of the bonded atoms 
hold the atoms together when a covalent 
bond has been formed. 


oy 6 a_ aslines or sticks 
re 
a b In methane each of the four outer 


electrons on the carbon atom is 
shared in a covalent bond with an 
electron from a different hydrogen 
atom (so there are four shared pairs 
of electrons and four bonds). 


ng c Molecular formula HO; structural 
formula H-O-H; dot and cross 
diagram with six outer electrons on 
the oxygen, two of them forming a 
shared pair of electrons with each of 
two hydrogen atoms; 3D model with 
two hydrogen atoms joined to one 
oxygen atom in a ‘bent’ shape. 

ee 7 a OF 

Cas? . 

ee = =ob HAS 

Ca? 

& 
ee = ¢ (NCI, 


$1 Hydrogen chloride forms a molecule containing 
two atoms, with a formula of HCI. The atoms 
are held together by a single covalent bond 
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formed by sharing a pair of electrons, with one 
electron coming from each atom. 


E1 Three of the five outer electrons on the nitrogen 
atom are shared in a covalent bond, each sharing 
with one electron from one of the three different 
hydrogen atoms. This gives three shared pairs of 
electrons and one nitrogen atom joined by three 
single covalent bonds to three hydrogen atoms. 
The formula of ammonia is NHs. 


The dot and cross diagram should show a 
nitrogen atom with five outer electrons; three 

of the electrons should form a shared pair with 
the electrons in each of three different hydrogen 
atoms. 


Exam-style question 


Two of the six outer electrons on the oxygen atom 
are shared in a covalent bond (1); each electron 
shares with one electron from one of the two different 
hydrogen atoms (1); this forms two shared pairs of 
electrons, with one oxygen atom joined by two single 
covalent bonds to two hydrogen atoms (1). 


or 


A dot and cross diagram showing an oxygen atom 
with six outer electrons (1), with two of the electrons 
forming a shared pair (1) with the electrons in each 
of two different hydrogen atoms (1). 


Activity and Assessment Pack 


SC6a.1 Bonding cards 


1 Elements in groups 1, 2, 3 and 4 form 1, 2, 3 
and 4 bonds respectively. Elements in groups 
5, 6 and 7 form 3, 2 and 1 bonds respectively. 


2 aNF3 b HCl c HO d CH, e CO, 
f OF, g CCl, h SiH, i N,O3 


3. e Obtain bonding cards for the elements in 
the substance. 
e Match up bonds on cards so that all bonds 
are paired. 
e Count the number of cards needed for 
each element. 


e Use the numbers to write the formula of 
the substance. 


4 The dot and cross diagram for nitrogen fluoride 
should show a nitrogen atom with five outer 
electrons, with three of the electrons forming 
a shared pair with one electron from each of 
three different fluorine atoms, which all have 
six other outer electrons. 


The dot and cross diagram for hydrogen chloride 
should show a chlorine atom with seven outer 
electrons, with one of the electrons forming a 
shared pair with the one outer electron on a 
hydrogen atom. 
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Answers 


The dot and cross diagram for hydrogen oxide 
should show an oxygen atom with six outer 
electrons, with two of the electrons forming a 
shared pair with the electrons in each of two 
different hydrogen atoms. 


SC6a.2 Covalent bonds — Strengthen 


1 agroup of atoms held together by (covalent) 
bonds 


covalent bonds 
non-metals 


one of: hydrogen chloride, water, carbon dioxide 
or methane (other correct answers are possible) 


5 electrons; covalent; complete/full; eight/8; 
sharing; two/2; helium 


6 Central atom has two dots on inner circle. 
Each of the four surrounding atoms has two 
crosses on the inner circles and seven crosses 
on the outer circles outside the overlapped 
areas. There are a cross and a dot placed 
inside each of the four overlapped areas. 


7 C 


SC6a.3 Covalent bonds — Extend 


1 a  Amolecular formula tells you the number 
of atoms of each element in a molecule. 
A structural formula also shows which 
atoms are bonded together. 


b Four representations are: H,O; H-O-H; 
a large circle with two smaller circles 
overlapped in different places, with a cross 
and a dot placed inside both overlapped 
areas and four more dots (or crosses) 
in the large circle outside the overlaps; 
and one large sphere (symbol O) merged 
with two smaller spheres (both symbol H) 
forming a ‘<’ shape. 


2 a_ group of atoms held together by (covalent) 
bonds 


b ~non-metals 


c hydrogen, oxygen, nitrogen, fluorine (other 
possible answers) 


d_ hydrogen chloride, water, methane, carbon 
dioxide (other possible answers) 


e covalent bonding 


f |The outer shells of the atoms overlap, and 
pairs of electrons are shared between the 
atoms. 


3. There are one dot and one cross in the 
overlapped area. In the fluorine atom (F) there 
are two dots on the inner circle and seven dots 
on the outer circle outside the overlapped area. 
In the chlorine atom (Cl) there are two crosses 
on the inner circle, eight crosses on the middle 
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circle, and seven crosses on the outer circle 
outside the overlapped area. 


a 0.5 x 10°79 
b 0.9 x 10 
c 1x10 

d 0.3 10° 


because atoms and molecules are about 
1 nanometre (10°) in size 


SC6a.4 Covalent bonds and 
molecules — Homework 1 


1 


groups; covalent; share; complete; noble; 
positive; negative 


molecular elements (underlined): 

oxygen gas; hydrogen gas; chlorine gas 
molecular compounds (circled): 

carbon dioxide gas; water; nitrogen hydride 


The hydrogen chloride has one dot and one 
cross in the overlapped area. The chlorine 
atom has two crosses on the inner shell, eight 
crosses on the middle shell, and seven crosses 
on the outer shell outside the overlapped area. 


The carbon dioxide has two dots and two 
crosses in both the overlapped areas. In 
addition, both oxygen atoms have two dots on 
the inner shell and four dots on the outer shell 
outside the overlapped area. The carbon has 
two crosses on the inner shell. 


$C6a.5 Covalent bonding 
Homework 2 


1 


a Anelement is a substance made up 
of only atoms with the same number of 
protons in the nucleus (a simple substance 
that contains only one kind of atom). 


Compounds are substances that can be 
split into simpler substances, because 
they contain the atoms of two or more 
elements joined together (in a set ratio). 


Atoms are the smallest neutral part of 
an element that can take part in chemical 
reactions. (They are the small particles 
that make up all matter.) 


Molecules are particles consisting of two 
or more atoms joined together by covalent 
bonding. 
Covalent bonds are forces of attraction 
formed between atoms by the sharing of 
(pairs of) electrons. 

b oxygen (O,), nitrogen (N.), argon (Ar), 
carbon dioxide (CO), water (H.O) 
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c i argon, oxygen or nitrogen 2 a ‘strong covalent bonds’ pointing to the 
ii carbon dioxide or water lines between the C and O atoms within 
the molecules, and ‘weak forces of 


ih, “Oden nllhogen: calpanclexnde or attraction’ pointing to the hashed lines 


F males between the molecules 

7 ae, ; b forces of attraction between positive and 
d A central circle (carbon atom) with two negative charges (between the positive 

other circles overlapped on each side nuclei and the negative electrons) 


(oxygen atoms) so that the atoms are ina 
row. There are two crosses and two dots 
inside both overlapped areas, and there 
are four more dots (or crosses) on the two 
outside circles (oxygen atoms) outside the 3 a Coe 
overlapped areas. b three 


c because two pairs of electrons are shared 
between the atoms, forming a double 
covalent bond 


c two from graphene, graphite and diamond 
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S$C7a Molecular compounds 
Student Book 


1 / 
7a 


oe 


17 
ae’ 


1 / 

yw 

1 / 
ae 


1 


a___ Red spheres represent oxygen 
atoms (one in each molecule); white 
spheres represent hydrogen atoms 
(two in each molecule). 


b Bonds are represented by the 
straight lines/bands/sticks between 
red and white balls. 


The ratio between oxygen and hydrogen 
atoms is the same in every glass of 
water because there are always two 
hydrogen atoms to one oxygen atom in 
every water molecule. 


The bonds between atoms within the 
molecule are not broken during melting. 
It is the weaker intermolecular forces 
between molecules that are broken 
during melting. Therefore, water has a 
relatively low melting point. 


The covalent bonds between the atoms 
within the molecule are very strong, but 
the intermolecular forces of attraction 
between molecules are weak. 


a Methane has a low melting point. 


b Methane has weak intermolecular 
forces and they only have an effect 
in small volumes. Therefore, less 
energy is required to separate 
methane molecules compared with 
larger molecules, such as polymers. 


Water is a poor conductor because there 
is no overall charge on the molecule and 
so it cannot create an electric current. 
The electrons are held in place by 
electrostatic interactions between them 
and the positively charged nuclei. 


A polymer is a large molecule made up 
of repeating units called monomers. 


a butene 
b__poly(styrene) or polystyrene 


Larger molecules have intermolecular 
forces acting over longer distances. 
Therefore, more energy is required to 
break these forces of attraction between 
larger molecules than between similar 
smaller molecules. 
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Answers 


$1 Three questions might include: 


a___ Does the substance have a high or low 
melting point? A low melting point might 
indicate that the substance is a small 
molecule. 


b Does the substance conduct electricity 
or not? Many types of molecule do not 
conduct electricity well; there are usually 
no free charge carriers available. 


c_ In what state is the material at room 
temperature? Smaller molecules may be 
gases or liquids. 


Other answers are possible. 


E1 Propene is a small molecule and has a low 
melting point. As a small molecule, propene 
would be expected to have poor electrical 
conductivity because charge carriers are fixed 
in covalent bonds. Larger polymer molecules 
would be expected to have a higher melting 
temperature because the weak intermolecular 
forces of attraction between molecules are 
spread over longer distances in polymers (such 
as poly(propene)) than in their monomers 
(such as propene). Larger molecules will 
often not conduct electricity, like smaller ones, 
because charge carriers are not free to move. 


Exam-style question 
Explanation should refer to the following points: 
e weak forces of interaction between molecules (1) 


e distances over which forces act are larger in 
the case larger molecules, smaller for smaller 
molecules (1) 

e more energy is required to break forces acting 
over a large volume/distance than over a small 
one, therefore the melting point is higher in 
larger molecules than in smaller molecules. (1) 


Activity and Assessment Pack 


$C7a.1 Investigating melting points 
6 


Rank 1 = highest, Melting | Letter (of 

4= lowest melting | point sample) 
temperature (°C) 

1 69 Z, dotriacontane 
2 59 Y, heptacosane 
3 42 X, docosane 

4 29 W, octadecane 


7 a_ The sample with the highest melting point 
(of the examples specified in the TTPP, 
this would be Z) would be expected to 
have the longest carbon chain. 
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b_ This is because longer polymers have 
more intermolecular forces between them. 
In addition, longer chains get tangled up. 
Therefore, more energy is required to 
separate longer molecules. 


c__ If there is a big spread in the values 
from repeated experiments, and the 
spread overlaps the dataset from another 
experiment, then the conclusion will be 
uncertain as a result. If there is little spread in 
data then the outcomes may be more certain. 


d More repeated readings give you more 
evidence of how big the spread is, and so 
of how precise your results are. 


SC7a.2 Grid challenge 


1-3 
Size Type of Intermolecular | Conductor of State at room 
bonding forces electricity temperature 
Polymer large molecules | strong covalent | many weak poor conductor | solid at room 
For example bonding within intermolecular of electricity temperature 
poly(ethene) chains forces of 
attraction along 
the length of the 
molecules 
Simple small molecules | strong covalent | weak poor conductor | often a gas or 
molecule bonding within intermolecular of electricity liquid at room 
For example small molecules | forces of temperature 
wralce , attraction 
between small 
molecules 


4—5 Students explain the conductivity and state at 
room temperature correctly in terms of size of 
molecules, type of bonding and intermolecular 
forces. Answers should include: 


e Polymers are large molecules that have 
strong covalent bonds within the chains, 
meaning that electrons are contained 
within the bonds. This means that they are 
not free to carry charge, making polymers 
poor conductors of electricity. 


e Polymers are solid at room temperature. 
They have higher melting points than 
simple molecules because there are more 
weak intermolecular forces of attraction 
along the length of the polymer. 


e Simple molecules are small molecules 
containing strong covalent bonds, which 
means that electrons are contained within 
the bonds. This means that they are not 
free to carry charge, making them poor 
conductors of electricity. 


e Weak intermolecular forces of attraction 
between the small molecules means that 
they are often a gas or liquid at room 
temperature. 
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6 Any sensible answer. 


7 Polymers have higher melting and boiling 
points than simple molecules. Both types of 
molecule are held together by strong covalent 
bonds but have only weak intermolecular 
forces between the molecules. Polymers 
are larger molecules and so there are more 
forces acting along the length of the chains. 
This means that more energy is required 
to overcome these forces and separate the 
molecules (i.e. melt the substance). 


Polymers are longer, heavier molecules than 
simple molecules. They are made by linking 
many monomer units (simple molecules) 
together. Both simple molecules and polymers 
have poor electrical conductivity as neither 
has charge carriers that are free to conduct 
electricity. 
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$C7a.3 Molecular compounds 


Strengthen 
1 
Structure Bonding within Bonding between molecules | Properties 
molecule 
simple molecules covalent weak intermolecular forces low melting and boiling point 
poor conductor of electricity 
often a gas or liquid at room 
temperature 
polymer chains covalent many weak intermolecular solid at room temperature 
forces over long molecules poor conductor of electricity 


2 Both simple molecules and polymers have 


covalent bonds between the atoms within the 


molecules. These materials are often poor 


conductors of electricity. This is because there 
are no charge carriers that are free to move. 


Weak intermolecular forces of attraction 
between molecules mean that many simple 
molecules have low boiling points and 


melting points. Polymers usually have higher 


melting points than those found in simple 
molecules. This is because there are more 


weak intermolecular forces in polymers than 


in simple molecules. 


$C7a.4 Structure, bonding and 
properties — Homework 1 


1 a BandD 
b C 
c A 
2 They have low melting points and do not 


conduct electricity, which indicates that they 
may be molecules. They do not conduct 


electricity so they have no free charge carriers, 
which may suggest that bonding electrons are 


shared between atoms in covalent bonds. 


3 Materials with low melting points have only 


weak forces of attraction between molecules. It 
does not take much more energy to overcome 
these forces to boil the substance, so they also 


have low boiling points. 


4 a Structure 
Monomers and their polymers are different 
because polymers are long chains of 
monomers joined together/polymers are 


longer. They are similar in structure because 


the polymer contains a number of the 


monomers and/or they both contain covalent 


bonds between the atoms. 
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b Properties 


Monomers and their polymers are different 
because they often have very different 
melting and boiling points. They are 
similar in properties because they are poor 
conductors of electricity. 


c Intermolecular forces 


Monomers and their polymers are different 
because polymers have more intermolecular 
forces between them. They are similar 
because they have intermolecular forces 
between the molecules. 


$C7a.5 Carbon compounds and their 
properties — Homework 2 


1 


a As the number of carbon atoms increases, 
the boiling and melting points increase. 


b With increasing length of chain (more 
carbon atoms), more energy is required to 
break intermolecular forces of attraction 
between molecules. Even though the 
intermolecular forces are still weak, there 
are more along the longer molecules. 


No; they are simple covalent molecules so 
there are no free charge carriers and therefore 
they would not conduct electricity. 


a The actual melting temperature of ethene 
is -169 °C. Areasonable suggestion 
might be anywhere between —200 °C and 
—150 °C, using the graph as a guide. 

b Joining monomers increases the melting 
temperature. 

c  Poly(ethene) may contain more than 60 
carbon atoms in its chains. 

d_ The longer the chain, the higher the 
melting point. Poly(ethene) molecules 
come in different lengths. 


Branching of the chains will increase the 
amount of tangling between the molecules, 
making them harder to separate. So, the more 
branching there is, the higher the melting 
points will be. 
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SC7b Allotropes of carbon 
Student Book 


sa 1. Allotropes are different arrangements/ 

structural forms of the same element. 
1 / 

oy 2 It is made up of only carbon atoms which 
are bound together with strong covalent 
bonds. Cg molecules have 60 carbon 
atoms ordered in an arrangement of 
pentagons and hexagons. 

17 

oy 3 because they have weak intermolecular 

forces between the molecules 
1 / 

oy 4 Itis a sheet of carbon atoms with no 

fixed formula. 
1 / 

3 5 Diamond has four covalent links to other 
adjacent carbon atoms; graphite and Cg 
have just three. 

17 

3 6 Agiant molecular structure is a 3D 
arrangement of covalently bound atoms. 
Simple molecular structures are smaller 
in size without a large-scale network. 

1 / 
me 7 Ingraphite not all of carbon’s electrons 
are attracted strongly to the nucleus and 
some electrons are free to move. These 
‘delocalised’ electrons move towards the 
positive electrode if a voltage is applied. 
In diamond, where there are four covalent 
bonds for each carbon atom, there are 
no delocalised electrons present and the 
material does not conduct electricity. 
17 
mrs 8 a_ conducts electricity well, is cheap 
and not very reactive 
1 / 
me b_ very hard because it has a rigid 
network of carbon atoms in a 
tetrahedral arrangement joined by 
strong covalent bonds 
L/ 
mie c weak intermolecular forces between 


the molecules make them soft and 
slippery. 


$1 Allotropes: Cg, graphene, diamond, graphite 
Ceo: simple molecule and has a low melting 
point because weak forces of attraction 
between molecules may be overcome easily; 


weak forces make them soft and slippery; 
molecules strong due to strong covalent bonds 


graphene: lightest known material because it 
is a sheet just one atom thick; strong due to 
its covalent bonds; good electrical conductor 
because it allows free electrons to move 
across its surface 


diamond: hard because of the rigid network 
of carbon atoms in a tetrahedral arrangement 
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Answers 


joined by strong covalent bonds; high melting 
point because of many strong covalent bonds 
that need to be overcome; electrical insulator 
as there are no free charged particles to carry 
charge 


graphite: high melting point because of the 
many strong covalent bonds that need to be 
overcome; not all electrons are held in covalent 
bonds, so they are free to move and carry 
electrical current; so it is a poor conductor of 
electricity. 


E1 Students should include the following points: 


e different size and shape (dimensions 
different) from graphene sheets, because 
they are rolled up 

e — strong and light 


e more rigid and stiff than the sheet 
graphene, which is quite flexible. 


Exam-style question 
Explanation should refer to the following points: 


e layers can slide/move in graphite (1) 

e because there are only weak 
(intermolecular) forces between the 
layers (1) 

e diamond has no layers and so carbon 
atoms are unable to move (1) 

e each carbon atom in diamond is very 
strongly bonded to four others. (1) 


Activity and Assessment Pack 
SC7b.1 Modelling structures 


a__ covalent bonds 
b carbon atoms 
Cc weak intermolecular forces 


Diamond, because it has a tetrahedral 
arrangement of four strong bonds for each 
carbon atom in a giant structure. The others 
have only three bonds per carbon atom. 


Possible advantages: Can clearly see the 
differences in the structure of the three 
allotropes; can see the number and types of 
bonds formed between the carbon atoms; can 
see the structures in three dimensions; can 
appreciate why diamond is so strong (with 
forces acting in many directions). 


Possible disadvantages: Bonds and forces are 
not physical joins; atoms are not the correct 
relative distances away from one another; 
doesn’t really show that that the weak forces 
of attraction between each layer of graphite 
are much weaker than the bonds between 

the atoms; suggests that graphene is not very 
flexible (but it is very flexible). 
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SC7b.2 Structure, bonding, properties 


and uses 


1 Students should have grouped the cards for 
the different materials as shown below. 


Diamond 


Graphite 


Graphene 


Coo 


rigid network of carbon 
atoms 


used as a dry lubricant 
has a layered structure 


2D structure with strong 
covalent carbon—carbon 


strong bonds within 
molecule, but weak 


four covalent bonds per 
carbon atom 


delocalised electrons act 
as charge carriers 


giant covalent structure 


poor conductor of 
electricity used to make electrodes 


for electrolysis 


forces between 
molecules 


bonds 
exceptional strength 


soft and slippery 


a single sheet of carbon 
with free electrons 


spherical fullerene 


made up of 60 carbon 


conducts electricity well | atoms 


a very hard material three covalent bonds per 


used in cutting tools carbon atom 


weak intermolecular 
forces between simple 


a 2D hexagonal sheet of 
carbon 


giant structure covalently | light (not heavy) molecules 
bonded 
2 
Material Structure and bonding | Properties Uses 


intermolecular forces 
between molecules 


Diamond giant covalent hard, sparkly in light, jewellery, cutting tools 
four covalent bonds per _| high melting point, poor 
Gaibon-atom conductor of electricity 
Graphite giant covalent with three | conducts electricity lubricant, electrodes, 
covalent bonds per atom | well, high melting point, pencils 
weak intermolecular slippery 
forces between sheets of 
atoms 
Graphene covalent, 2D hexagonal | transparent, good many potential 
sheet conductor of electricity, applications 
flexible, strong for weight 
Ceo simple molecule, weak slippery lubricant 


unstable as a solid at 
higher temperatures 


SC7b.3 Allotropes of carbon 
Strengthen 


1. diamond, Cg, graphite 


2 The element carbon is made up of only one 
type of atom. Carbon atoms are covalently 
bonded. This means that electrons are 
shared between adjacent atoms. However, 
carbon atoms may be arranged in different 
ways forming allotropes. Some allotropes 
are simple molecules, whilst others have giant 
structures. Cg) is a simple molecule. Its atoms 
are covalently bonded within the molecule, but 
has weak intermolecular forces of attraction 
between molecules. This makes it unstable as 
a solid at higher temperatures Diamond and 
graphite have giant structures. They are vast 
3D networks of atoms held together by 
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strong covalent bonds. Diamond and graphite 
consequently have high melting points. 


3 Diamond is hard...because the giant structure 
is held together by a strong tetrahedral 
arrangement of covalently bonded carbon atoms. 
Graphite is soft...because it is only held 
together by weak intermolecular forces 
between the sheets of atoms. 

Graphene and graphite conduct electricity... 
because delocalised electrons allow a flow of 
charge. 

Cgo is unstable as a solid at higher 
temperatures...because there are only 

weak intermolecular forces between simple 
molecules. 

Graphene is transparent... because it is made 
of a single 2D sheet of atoms. 
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SC7b.4 Carbon allotropes, properties 
and uses — Homework 1 


Material Structure Bonding Properties Uses 
Diamond giant with covalent, four bonds | hard, sparkly in light, | jewellery, cutting 
tetrahedral between atoms high melting point, tools 
arrangement of poor conductor of 
atoms electricity 
Graphite giant, layered covalent, three conducts electricity | lubricant, 
structure of bonds between well, high melting electrodes, pencils 
hexagonal sheets of | atoms, but weak point, slippery 
carbon intermolecular 
forces between 
layers of atoms 
Graphene 2D hexagonal covalent within very strong for structural, electronic 
sheets of carbon sheet weight, good and optical 
atoms conductor applications to be 
of electricity, developed 
transparent and 
flexible 
Ceo simple molecular covalent, weak unstable as a lubricant 
intermolecular solid at higher 
forces between temperatures, 
molecules slippery 


SC7b.5 Different forms of carbon 
Homework 2 


1 


sheets of carbon atoms 
in graphite are held 
together by weak forces 
of attraction 


carry charge 


Diamond has a giant covalent structure, 
which is a huge 3D network binding all the 
atoms together. The atoms are joined by 
strong covalent bonds. 


Ceo is a simple molecule or a fullerene. 

It has weak intermolecular forces of 

attraction between the molecules, but the 

molecules themselves are strong due to 3 °34«Oa 
their covalent bonding. 


b The structures of diamond and Ceo 
influence properties in the following ways: 


e Diamond has a strong tetrahedral 
arrangement of atoms in a giant 
structure and so is hard (it is used 
in cutting tools). It melts at very high 
temperatures because of its strong 
covalent network. 
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three strong covalent 

bonds for each carbon 

atom, so delocalised 
electrons free to 


Cg has weak forces between 
molecules, which means it has a low 
melting point/is not stable at high 
temperatures and is soft and slippery. 
The molecules are strong though 
because of the covalent bonding 
within them. 


The structure of graphite and graphene 
are similar in the following ways: 


Both have carbon atoms arranged in 
hexagonal patterns. 

Carbon atoms in these hexagons are 
linked by strong covalent bonds. 


Carbon atoms are bonded to three 
other carbon atoms. 
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b_ The structures of graphite and graphene 
are different in the following ways: 


e Graphene is a single sheet of carbon 
atoms (2D). 


e Graphite is made of many sheets of 
carbon atoms (3D). 


4 a_ Fullerenes are simple molecules in which 
each carbon atom is covalently bonded 
to three other carbon atoms. They are 
often tubular molecules (nanotubes) or 
spherical. 


b Cz, contains interlocking hexagons and 
pentagons of carbon and an additional five 
hexagons around its centre. It has weak 
intermolecular forces between molecules 
but strong covalent bonds within the 
simple molecule. 


c/d Graphene: 


e has excellent electrical conductivity 
due to the 2D hexagonal arrangement 
of strong covalent bonds that allows 
free electrons to move with little or no 
disturbance 


e is flexible because the bonds are so 
flexible 


e is strong because of a network of 
strong covalent bonds and its 2D 
structure. 


5 Students may include the following points 
about graphene: 


e = It is an exceptionally good electrical 
conductor. It is also optically transparent 
and very flexible because it is only one 
atom thick. Applications in the future may 
include touch and display screens. 


e It is very strong for its weight so uses 
could be in high-performance transport 
and space applications where there is 
significant benefit from reducing mass and 
increasing strength, e.g. satellites and 
aircraft. 


SC7c Properties of metals 
Student Book 


L/ 
oe | any two from: solids with high 


melting points, shiny (when 
polished), malleable, high density, 
good conductors of electricity 


b any two from: solids, liquids or 
gases with low boiling points, not 
usually shiny (when solid), brittle 
(when solid), low density, poor 
conductor of electricity 
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1 / 
ay 


1 / 
ay 


1 / 
aoe 


ta 


graphite 


a___ positive ions packed closely 
together in layers in a giant lattice, 
surrounded by a ‘sea’ of delocalised 
electrons 


b__ electrostatic attraction between the 
positive metal ions and the negative 
delocalised electrons 


There is a strong electrostatic force 

of attraction between the positive 
metal ions and the negative ‘sea’ of 
delocalised electrons so a lot of energy 
is needed to overcome these strong 
attractive forces. 


It consists of layers of positive ions and, 
when it is bent, the layers slide over 
each other so it does not break. 


It contains a ‘sea’ of delocalised 
electrons that move randomly between 
the positive ions. When it is connected 
to a potential difference, the electrons 
flow towards the positive terminal, 
transferring energy and forming an 
electrical current. 


Each aluminium ion has three positive 
charges, Al**, and contributes 3 
electrons to the ‘sea’ of delocalised 
electrons. This is more than the 

2 electrons contributed by each 
magnesium ion, so aluminium is a better 
conductor of electricity. 


$1 Adescription including: 


melting/boiling point — most metals have 
high melting points; most non-metals have 
low boiling points 

density — most metals have high densities; 
most non-metals have low densities 


electrical conductivity — all metals conduct 
electricity; non-metals do not conduct 
electricity (except graphite) 

malleability — metals are malleable; non- 
metals are brittle 

shiny — most metals are shiny (when 
polished); non-metals are not usually 
shiny when solid. 


E1 Aisa metal — it has a low melting point and 
low density but does conduct electricity as a 
solid. 

B is a non-metal — it has a high density but 
it has quite a low melting point and does not 
conduct electricity as a solid. 
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Exam-style question 


Metals contain electrons (1) that can flow through 
the structure (1). 


Activity and Assessment Pack 


SC7c.1 Properties of metals and 
non-metals 


1 
Test Copper | lodine Unknown 
substance 
Xx 
Appearance | brown, | grey, shiny | grey, shiny 
shiny crystals powder 
foil 
Does it yes no yes 
conduct 
electricity? 
Effect of covered | changes stays grey, 
heat in black | to a purple | does not 
powder, | gas melt 
does 
not melt 


solid, conducts electricity, high melting point 


solid, does not conduct electricity, forms a gas 
at low temperature 


both shiny solids 


X is likely to be a metal. It is grey like iodine 
but it conducts electricity like copper and it has 
a high melting point. 


SC7c.2 Metals 


Starts and ends correctly matched and arranged 
in two groups for ‘Bonding and structure’ and 
‘Explanation of properties’. 


Bonding and structure 


Metal ions are always positive because the atoms 
lose the electrons in their outer shell. 


Metals are crystalline because the layers of ions 
are packed together in a giant lattice. 

Metallic bonding is strong because there is a strong 
electrostatic force of attraction between the positive 
ions and delocalised electrons. 

The outer shell electrons in a metal move freely 


and randomly because they are delocalised and not 
located in the outer shell of a particular atom. 


Explanation of properties 
Metals have high densities because the ions are 
packed closely together. 


Metals have high melting points because a lot 
of energy is needed to overcome the strong 
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Answers 


electrostatic forces of attraction between the 
positive ions and delocalised electrons. 


Metals are good conductors of electricity because 
the delocalised electrons flow through the structure 
towards the positive terminal. 


Metals are malleable because the layers of ions 
can slide over each other. 


SC7c.3 Properties of metals 
Strengthen 


1 False. Non-metals can be solids, liquids or 
gases. 


False. Only three metals are magnetic. 
True 
True 


True 


oa fF WO ND 


False. Metals have high melting points 
because strong metallic bonds have to be 
broken to melt them/Metals have high melting 
points because there is a strong electrostatic 
force of attraction between the positive ions 
and delocalised electrons that needs to be 
overcome. 


7 False. Metals are malleable because the layers 
of (positive) ions can slide over each other. 


8 False. Metals conduct electricity because 
delocalised electrons flow through the 
structure. 


9 True 


SC7c.4 Metals and non-metals 
Homework 1 


1 a _ Most metals have a high melting point. 


b Metals are shiny when polished and they 
are good conductors of electricity. 


c Solid non-metals are brittle when they are 
hit with a hammer. 


d  Non-metals are poor conductors of 
electricity. 
2 a_ labels to positive ion and electron 
b positive ions packed closely together 
in layers in a giant lattice, delocalised 
electrons moving randomly between the 
ions 
3. a_ False. Metal atoms need to lose one, two 
or three electrons to get a full outer shell. 
True 


c False. Ametal contains layers of positive 
ions in a ‘sea of delocalised’ electrons. 


4 The layers of ions can slide over each other. 


5 
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Metals consist of positive ions in a sea 
of delocalised electrons. The delocalised 
electrons flow towards the positive terminal. 


SC7c.5 Metals and bonding 
Homework 2 


Answers 


Metal ions are arranged in layers. When the 
metal is hit or bent the layers slide over each 
other and the delocalised electrons move 
and attract the ions again in the new shape 
so metals are malleable. Graphite has only 
weak forces of attraction between the layers 
so they can slide over each other and stick to 


1 a_ any two from: high melting points; a new surface. Graphite is not malleable; for 
high densities; shiny (when polished); example, graphite is used in pencil leads as 
malleable; conduct electricity the layers slide over each other and stick to the 

b any two from: can be solids, liquids paper. 
or gases with low boiling points; low 
densities; solids are not usually shiny; Fi 
solids are brittle; solids or liquids do not SC7d Bonding models 
conduct electricity (except graphite) Student Book 
2 _ strong electrostatic force of attraction between M, 
the positive ions and the negative delocalised sg 1 a magnesium 
electrons m 
oe b potassium fluoride 
The layers of ions can slide over each other. ~< 
; Sie sha kre one c carbon dioxide 
Metals consist of positive ions in a sea w 
of delocalised electrons. The delocalised om 2 a covalent, simple molecular 
electrons flow towards the positive terminal. ~d 
tha i ] 
5 a_ similarity — high melting point os BD They Nave low me|ting points 


because the forces between 
molecules are weak and therefore 
easily overcome. 


differences — any two from: copper 

conducts electricity but diamond does 

not; diamond is hard but copper is more “ 
easily scratched; copper is malleable but 7" 3 Sodium metal conducts electricity when 
diamond is brittle = solid and liquid because it contains 


b Copper has metallic bonding. It consists charged particles (electrons) that are 
of positive ions packed closely together in free to move and so can form a current. 
layers, surrounded by a sea of delocalised Sodium chloride conducts when molten 
electrons. It conducts electricity as the because it then contains charged 
delocalised electrons flow to the positive particles (ions) that are free to move, but 
terminal. It can be scratched by harder it cannot conduct when solid because 
objects and is malleable as the layers of the ions are fixed in the lattice structure. 


ions slide over each other without breaking ei ds “eeeteesdonntehowwhehar 


bonds/attractions. a?” oe 
: ; the bonding is ionic or covalent, 
Diamond does not have any delocalised as both ionic lattices and covalent, 


electrons or ions so it does not conduct giant molecules can have high 


electricity. It is hard as it consists of a giant melting points and may be insoluble 
structure of carbon atoms held together 


in water. 
in a rigid lattice by strong covalent bonds. xy ; ; 
It is brittle as the atoms cannot slide over i b To determine the bonding, melt 
each other. each substance and test to see 


whether it conducts electricity. 

An ionic substance will conduct 
electricity when molten; a covalent 
substance will not. 


6 Metal atoms lose their outer shell electrons 
to become positive ions surrounded by a 
‘sea’ of delocalised electrons and, when 
they are connected to a potential difference, 


L/ 
the electrons flow to the positive terminal. 3 5 They both have the same sized charge, 
Graphite consists of layers of carbon atoms. or they are both charged. 
Each carbon atom is joined to three others by Me, ; 
covalent bonds. This leaves one outer shell ue © a correctly drawn diagram 
electron not involved in the bonding. These Pe, 
electrons are delocalised between the layers, tas b Two sets of electron shells both 


containing three shells. The first 
diagram uses crosses or dots to 
represent sodium (2.8.1) with two in 


and when graphite is connected to a potential 
difference, the electrons flow to the positive 
terminal. 
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Sciences 


Answers 


the first shell, eight in the second shell 
and one in the third shell. The second 
diagram uses crosses or dots to 
represent chlorine (2.8.7) with two in 
the first shell, eight in the second shell 
and seven in the third shell. An arrow 
shows how the one electron in the 
outer shell of sodium is transferred to 
the outer shell of the chlorine. 


The model shows what happens to the 
electrons to form the ionic bond but the 
diagram suggests that the electrons 
from different atoms are different, 
when actually they are identical (or 

it does not show the structure of the 
lattice or it does not explain how the 
atoms are held together). 

vee 
a 


is Strength: It shows the shape of the 


molecules (and how the atoms are 


joined together). Weakness: It does not 
show how the bonds are formed. 


$1 


Type of bonding 
and structure 


lonic lattice 


Simple molecular 
(covalent) 


Giant molecular 
(covalent) 


Metallic lattice 


Where it occurs 


compounds of 
metals and 
non-metals 


many non-metal 
elements and 
compounds 


a few non-metal 
elements and 
compounds 


all metals and 
alloys 


How bonds form 


loss and gain of 
electrons to form 
ions 


sharing pairs of 
electrons between 
atoms in small 


sharing pairs of 
electrons between 
atoms in giant 


freely moving 
delocalised 
electrons holding 


groups groups positive metal ions 
together 
Type of structure lattice structure small groups giant molecules lattice structure 
containing billions of atoms called (lattice) containing of positive ions 
of ions molecules billions of atoms with ‘sea’ of free 


electrons 


Properties 


Examples 


high melting and 
boiling points 
some soluble in 
water 


conduct electricity 
only when molten or 
in solution 


sodium chloride 
magnesium oxide 


low melting and 
boiling points 


few are soluble in 
water 


mostly 
non-conductors of 
electricity 


oxygen 
carbon dioxide 


high melting and 
boiling points 


insoluble in water 


non-conductors of 
electricity (except 
carbon as graphite) 


diamond or graphite 
(forms of carbon) 


high melting and 
boiling points 


insoluble in water 


conduct electricity 
when solid or 
molten 


iron 
sodium 


E1 a Acentral circle (carbon atom) with four 


other smaller circles (hydrogen atoms) 
overlapped on four sides. There is one 
cross and one dot inside each of the four 
overlapped areas. (Could also show the 
inner shell of the central carbon atom with 
two dots or two crosses in it.) 
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The dot and cross diagram shows how 
the electrons are shared to form the bond; 
it does not show how atoms are joined 
together or the shape of the molecule. 


Model on left: The ball and stick (2D) 
structural diagram shows which atoms are 
joined together and indicates the covalent 
bonds (the sticks); it does not show 

how the bonds were formed by sharing 
electrons or the shape of the molecule. 
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Sciences Answers 


Model on right: The 3D ball and stick 
diagram shows the shape of the molecule 
and which atoms are bonded together; it 
does not show how the bonds were formed 
or what the molecules will really look like, 
as the atoms are shown too far apart with 
no overlap between bonded atoms. 


Exam-style question 


The melting point of silicon dioxide is high because 
there are billions of atoms joined together in a giant 
molecule, or lattice, structure so billions of strong 
bonds need to be broken in order to melt silicon 
dioxide. (1) 


The melting point of carbon dioxide is low because 
it is made up of lots of small molecules (1) and 
only the weak forces of attraction between the 
molecules need to be broken in order for it to 
change state. (No covalent bonds are broken when 
carbon dioxide changes state.) (1) 


Activity and Assessment Pack 
SC7d.1 Bonding models and 


properties 
1,2 
Substance Melting point | Soluble in | Conductor in Conductor when | Type of bonding/ 
(high/low) water? normal state? | in solution? structure 
A hexane low no no - covalent, simple 
molecular 
B sodium chloride high yes no yes ionic (lattice) 
C silicon(IV) oxide high no no — covalent, giant 
molecular 
D sucrose (sugar) low yes no no covalent, simple 
molecular 
E copper high no yes - metallic (lattice) 
F aluminium high no yes - metallic (lattice) 
G magnesium high yes no yes ionic (lattice) 
sulfate 
H carbon/ graphite | high no yes - covalent, giant 
molecular 
I liquid paraffin low no no - covalent, simple 
molecular 
J copper sulfate high yes no yes ionic (lattice) 
It must contain freely moving charged particles. 7 a Substances that are non-conductors of 


electricity when solid, that conduct when 
dissolved in water and that have a high 
melting point are ionic. 
5 Substances that are conductors in the solid b substance C (silicon(IV) oxide) 

state are usually metals. 


Substances that have low melting points are 
usually covalent, simple molecular structures. 


c__Itis insoluble so it cannot be tested to see 
6 substance H (carbon/graphite) whether it conducts electricity in solution. 


d_ To test the substance to see if it is ionic, 
we would need to melt it, and test its 
conductivity. 
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metal and a non-metal) 


b carbon dioxide (most non-metal elements 
and compounds) 


c  carbon/diamond 
d_ iron (any metal element) 


SC7d.2 Bonding models 


Strengthen 


1. Missing words are in bold. 


lithium fluoride (most compounds of a 


Type of bonding 
and structure 


lonic 


Covalent, simple 
molecular 


Covalent, giant 
molecular 


Metallic 


Where it occurs 


mostly compounds 
formed by metals 
and non-metals 


most non-metallic 
elements and 
compounds 


a few non-metallic 
elements and 
compounds 


metal/metallic 
elements and alloys 


How bonds form 


loss and gain of 
electrons 


by sharing pairs of 
electrons between 
atoms 


by sharing pairs of 
electrons between 
atoms 


a sea of freely 
moving delocalised 
electrons 


Type of structure 


billions of positive 
and negative ions in 
a lattice structure 


small groups of 
atoms called 
molecules 


giant lattice 
structure containing 
billions of atoms 


billions of metal 
ions held in a lattice 
structure 


Melting and boiling 
points 


Solubility in water 


high (all are solids) 


many are soluble in 
water 


low (all states) 


most are insoluble 
in water 


high (all are solids) 


all are insoluble in 
water 


high (most are 
solids) 

all are insoluble in 
water 


Conductivity do not conduct most do not non-conductors in conductors when 
when solid but conduct electricity | any state (except solid and when 
conduct in liquid or | in any state graphite) liquid 
solution 

Examples NaCl, MgO (or CO,, H2O (or any | C (graphite and Fe, Al 
any other ionic other simple diamond) 
compound) molecular 

substance) 
2 a_ missing words: cross; different; same 2 a A3D structural diagram showing several 


carbon atoms, with each carbon atom 
joined to four others, would explain why 
diamond has a very high melting point, as 
lots of strong bonds need to be broken. 

A dot and cross diagram would show one 


electron being transferred from the sodium 
atom to the chlorine atom. 


b atoms; bonds; close 


S$C7d.3 Bonding models — Extend 


1 The following are sample answers, other b 

correct answers are possible. 

a Strength: It shows what happens to the 
electrons to form a bond. 
Weakness: It looks like the electrons from 
different atoms are different. 

b = Strength: It shows which atoms are joined 
in the molecule. 
Weakness: It looks like there are spaces 
between the atoms. 

c Strength: It shows how the ions are 
arranged in the lattice. 
Weakness: It does not show what 


happens with the electrons to form the 
bond. 


3 Substance X — covalent, giant molecular due 
to very high melting point and non-conductor in 
any state. 

Substance Y — covalent, simple molecular 

as low melting point (and does not conduct 
electricity). 

Substance Z — metallic as it is a solid that is a 
good conductor of electricity. 
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SC7d.4 Bonding models c The outer electrons of the sodium atoms 


are free to move in all directions and hold 


Homework 1 the positive metal ions together in a lattice 


1 a Complete dot and cross diagram for structure. 
fluorine atom, with two crosses in the first d Each carbon atom shares four pairs of 
shell and seven crosses in the second electrons with four other carbon atoms, 
shell. Complete arrow going from the outer forming a giant molecular (lattice) structure 
electron on the lithium atom to the outer containing many atoms. 


shell of the fluorine atom. ; , a ; 
b Complete diagram with positive signs (+) Oe ee 
in blank atoms. b conductor when in solution or liquid but 
not when solid 


c Sodium chloride conducts when molten 
and when in solution, as the ions are 
free to move. Sodium chloride does not 
conduct when solid, as the ions are locked 
3. a Simple molecular substances have low into the lattice structure. 
melting points because there are only 
weak forces of attraction between their 
molecules. 


2 structure and bonding types: A, metallic; 
B, covalent, simple molecular; C, covalent, 
giant molecular; D, ionic; E, covalent, simple 
molecular 


3. The following are sample answers, other 
correct answers are possible. 


a&b The dot and cross diagram shows that one 


b —__lonic substances conduct electricity when 
molten or dissolved in water because the 
ions are free to move (when molten or 
in solution). 


4 a_ missing words: dot; electrons; bond; 
shape 
b missing words: ions; lattice; bonds 


SC7d.5 Using bonding models 
Homework 2 


1 a The magnesium atoms lose two electrons 4 


and the oxygen atoms gain two electrons, 
forming positive and negative ions which 
are attracted into a lattice structure 
containing very many ions. 

b Two pairs of electrons are shared between 
an oxygen atom and two hydrogen atoms, 
forming small, simple molecules of water. 
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nitrogen atom shares a pair of electrons 
with three hydrogen atoms. 


It does not show the shape of the 
molecule formed. 


The structural formula shows that three 
hydrogen atoms are joined to one nitrogen 
atom with single covalent bonds between 
the nitrogen and hydrogen atoms. 


It does not show what happens to the 
electrons to form the bond. 


Enzymes work by having a specific shape 
that a specifically shaped substrate fits 
into (like a key in a lock). 3D models allow 
the visualisation of the shapes. 


One of: they do not explain how the 
enzyme might react; they do not show 
the changes of shape involved during an 
enzyme-catalysed reaction. 
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Answers 


SC8a Acids, alkalis and 
indicators 


NO;°, sodium hydroxide Na*, and OH™ 
potassium hydroxide K* and OH™ and 
calcium hydroxide Ca?* and OH™ 


1 / 
Student Book 5s" 8 The acidity increases and pH decreases. 
M : : : 
4% 1 any two acids, e.g. battery acid, vinegar, $1 Acidic solutions will have a pH less than 7, 
fruit juice contain excess H* ions and turn universal 
any two alkalis, e.g. bleach, drain indicator red or orange (or turn blue litmus red). 
cleaner, oven cleaner Alkaline solutions will have a pH greater than 7, 
oe 2 4 ‘Thahazardeascodaiad wih contain excess OH ions and turn universal 
fhaliseor 4 enibetance willbe indicator blue or purple (or turn red litmus blue). 
understood in any country. E1 a When the pH of a solution is increasing 
Ps" b Wear safety gloves and handle with the concentration of the hydroxide ions 
care (as corrosive). is increasing (the concentration of the 
Dispose of carefully or do not hydrogen ions is decreasing) and the 
pour down drain (as harmful to the solution is becoming more alkaline (less 
environment). acidic). 
Keep away from flames/sources of b When the pH of a solution is decreasing 
ignition (as flammable). the concentration of the hydrogen ions 
5s" 3 increasing acidity: 9<7<6<4<1. is increasing (the concentration of the 
% hydroxide ions is decreasing) and the 
sa 4 a pH=1 solution is becoming more acidic (less 
% alkaline). 
sa b litmus, red; methyl orange, pink/red; 
phenolphthalein, colourless Exam-style question 
oe 5 The pH scale runs from 0 to 14, and is a The pH increases as the water dilutes the 
. used as a measure of acidity and alkalinity. acid. This is because hydrogen ions are 
On the pH scale neutral solutions have pH less concentrated in the solution (1) and 
of 7, acids have a pH below 7 and alkalis it is becoming less acidic with a pH closer 
have a pH above 7. The higher the pH the to 7 (1). 
more alkaline the solution, and the lower b The pH stays the same as pure water has 
the pH the more acidic the solution. a pH of 7(1) and so doesn’t change the pH 
Me, ; (or change the concentration of hydrogen 
ae 8 a The pH willbe 1 (or any number or hydroxide ions) (1) in the salt solution. 
less than 7). The pH is less than 7 
Be Ne Iydlode ni broinids prOguees Activity and Assessment Pack 
H* ions when it dissolves in water 
and this makes it acidic. SC8a.1 The colours of indicators 
L/ 
aes b H* and Br- ions are formed. 1 — solution X, pH = 1, acid; 
jaws ‘ = : 
M% solution Y, pH = 13, alkaline 
ee hydrochloric acid H* and CI, sulfuric 2 
acid H* and SO,?°, nitric acid H* and 
Indicator Universal indicator Litmus Phenolphthalein Methyl orange 
Colour in acid red red colourless red 
Colour in alkali purple blue pink yellow 


3 Universal indicator can be a range of different 
colours depending on the pH; the others have 
only two specific colours. 


4 where 


you are testing a range of solutions with 


a range of pH values 


5 where 


you want a sharp colour change to 


judge when a reaction is complete 
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6 describing some of the colours was difficult 
(other answers possible) 


7 recording colours using photographs 


SC8a.2 Testing solutions 
1. students colour in pH chart 


2-4 answers will depend on solutions used 
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Answers 


5 Acidic solutions contain excess H* ions and 
alkaline solutions contain excess OH ions. 


6 a_ depends on solutions used, but pH values 
should be below 7 and decreasing 


b depends on solutions used, but pH values 
should be above 7 and increasing 


SC8a.3 Acids and alkalis 

Strengthen 

1 Acids and alkalis are types of solutions. 
Acids, which have a pH of less than 7, contain 
excess hydrogen (H*) ions. Alkalis, which 
have a pH of more than 7, contain excess 
hydroxide (OH) ions. Universal indicator 
turns red, orange or yellow in acids and 
blue or purple in alkalis. Other indicators are 
different colours in acids and alkalis. 


The missing information from the table: litmus; 
colourless; yellow. 


2 a_ flammable; keep away from flames (and 
sources of heat) 


b corrosive; wear gloves and safety glasses 
(wash away spills with lots of water) 


SC8a.4 Types of solution 

Homework 1 

1 a, True; b, False; c, False; d, True; e, False 

2  Anacid solution has a pH below 7 and 
contains excess hydrogen (H*) ions. 


An alkaline solution has a pH above 7 and 
contains excess hydroxide (OH) ions. 


A neutral solution has a pH of 7 and contains 
the same concentration of hydrogen ions and 
hydroxide ions. 

3. a_ cancorrode skin and/or metals 
b can cause harm to life in the environment 
c toxic, can cause great harm 
d= generally harmful or irritant to skin/eyes/ 

respiratory system 

4 a. alkalis circled: iv, vi and viii 
b ii and vii 

SC8a.5 Types of solution 

Homework 2 


1 a _ adda few drops of universal indicator and 
compare colour with pH colour chart/use a 


pH meter 
b A,BandC 
c EandF 
d A 
e inochange ii pH would decrease 
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2 a_ increasing pH: A, C, B and D 


b the highest concentration of H* ions will 
have the lowest pH as they are most 
acidic and the highest concentration of 
OH" ions will have the highest pH as they 
are most alkaline 

3. a_i red to orange (or yellow or green) 
ii green to blue (or purple) 

b i blue ii pink iii yellow 

4 agreater resolution means that smaller changes 
can be measured (there are more incremental 
values) So measurements are more accurate 


SC8b Looking at acids 3] 
Student Book 


1 / 
ang 1. a_ Aconcentrated solution is a solution 
that contains a lot of solute in a unit 


volume. 
1 / 
e§ = b 125g dm 
L/ 
oe 2 hydrogen ion (H* ion) concentration 
og 3 pH4 
” P 
1/7 
og 4 1000 times more acidic 
8 5 pH3 
” ? 
1 / 
oy 6 = Strong acids: nitric acid, sulfuric acid 
and hydrochloric acid. 
Weak acids: carbonic acid, ethanoic acid 
and boric acid. 
mY 


6*s 7 a Butanoic acid is a weak acid as only 


\d 
a few of its molecules break up into 
ions in solution. 
L/ 
oo b = Butanoic acid will have the highest 


pH as it is least acidic with the 
lowest concentration of hydrogen 
ions. 


$1 a Concentrated acid solutions contain a lot 
of solute dissolved in a small volume of 
solution. 


b Dilute acid solutions contain very little solute 
dissolved in a large volume of solution. 

c Strong acid solutions contain mainly ions, 
formed by the complete dissociation of the 
acid molecules when they dissolve in water. 

d Weak acid solutions contain only a few ions 
and lots of acid molecules. This is because 
the acid molecules do not dissociate 
completely into ions when they dissolve in 
water. 
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E1 Aconcentrated solution of a weak acid contains 
just a few hydrogen ions as only a small 
number of weak acid molecules break up when 
they dissolve. A dilute solution of a strong 
acid will also contain only a small number of 
hydrogen ions as a dilute solution contains only 
a small amount of acid molecules, which will 
all dissociate into ions. They could therefore 
have the same pH if they have the same low 
concentrations of hydrogen ions. 


Exam-style question 

a_ solutions M and J (1) 

b = Solution. (1) NA concentrated solution 
contains lots of acid molecules. As it is a 
strong acid, it will break up to produce a 
high concentration of hydrogen ions. (1) 
The higher the concentration of hydrogen 
ions the lower the pH and so it must be 
solution N, which has the lowest pH. (1) 


Activity and Assessment Pack 
SC8b.1 pH and concentration 


1 Flask 1 has the highest concentration and flask 
6 has the lowest concentration. 


2 a Flask 1 is 10x more concentrated than 
flask 2. 


b Flask 2 is 10x more concentrated than 
flask 3. 


c Flask 2 is 100x more concentrated than 
flask 4. 


d_ Flask 1 is 100 000 more concentrated 
than flask 6. 


3 As the Ht ion concentration increases by a 
factor of 10, the pH decreases by 1. 


4 _ The lowest concentrations were tested first 
so that any contamination of the following 
solutions would have the least effect on their 
pH measurement. 


5 Both give a measure of pH but the results 
using universal indicator were less accurate 
because they use whole numbers only. 


6 a 0.000001 
b pH=7 
c_. This is unlikely as a pH of 7 represents a 
neutral solution and there must be some 


acid still in the solution, as we started with 
an acid. 


SC8b.2 Strong and weak acids 


1 The missing words are: 
C: strong 
D: some, H*, weak 
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Answers 


SC8b.3 Looking at acids 
Strengthen 


1. The missing words are: strong, weak, 
dissociate, partly, concentrated, small, solute 


LS) 


Missing information from table: 0.01, 3, 1 
An acid solution always... ... contains excess 
hydrogen ions. 


As the concentration of H* ions increases, it ... 
... lowers the pH. 


When a strong acid dissolves it ... ... 
completely dissociates into ions. 


Aconcentrated acid contains more solute in 
the solution than... ... a dilute acid. 


When a weak acid dissolves it... ... does not 
dissociate completely into ions. 


SC8b.4 Looking at acids 
Homework 1 


1. a_ hydrogen or Ht ion 


bit increases 
2 a_ strong and dilute 

b weak and concentrated 
3 a 50gdm? 

b 140g dm? 


4 missing words: more, dissociated, ions 


SC8b.5 Looking at acids 
Homework 2 
1. Missing information: 
top row: 0.00001, 0.0001, 0.001 
bottom row: 5, 4, 2, 0 
2 a  50gdn% 
70g dm? 
ethanoic acid, other answers possible 
it contains excess H* ions 
it would need more molecules and a few 
more ions in the same space 
d__ replace all the molecules with ions formed 
by splitting up the molecules 


qoTrno F&F 


4 a_ Measure the pH of the two solutions. The 
solution with the lower pH contains the 
strong acid. 


b Add some magnesium ribbon to the two 
solutions (in separate test tubes). The one 
which reacts faster is the strong acid. 


5 The symbol means that the reaction goes 
both ways. So in this reaction only some of 
the molecules dissociate and those ions can 
reform the acid molecule again. 
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6 a  0.098g dm? Step 4. Allow the water to evaporate to leave a 
b 2gdm3 solid sample of aluminium nitrate (heat gently 
to speed up the evaporation). 


SC8c Bases and salts Exam-style question 
As the acidic gases pass over calcium oxide, the 
Student Book oxide ions combine with excess hydrogen ions in 
i ; 3 ; 
ne 1 A base is a substance that neutralises ety ae 7 ne a concentration ° 
(reacts with) an acid to form a salt and and the pH of the solution increases (as it is less 


water. acidic). 
s@ 2 ZnO+H,SO,— 
— ZnSO, + H,0 SC8c Core practical — Preparing 
zinc oxide + sulfuric acid — copper sulfate 
i Ifate + 
% ene ee ae 1 Because it is formed by the reaction between a 
is 3. sodium oxide + nitric acid — sodium base and an acid. (1) 


i + 
ae ene To speed up the reaction. (1) 


17 
7™@ 4  Li,O(s) + H»SO,(aq) — Li,SO,(aq) 


ay The copper oxide is a solid (made up of larger 
+ H,0(!) particles) that gets stuck in the filter paper. 
& si : (1) The particles of the copper sulfate are in 

5 d 
av 2 a AERO solution (smaller) so pass through the filter 

oy b to speed up the reaction paper. (1) 

i t k \aeaeidli 4 The water bath heats the acid to a fixed lower 
ao = He : sa, ¢ d sacar temperature. (1) It is safer than a Bunsen burner 
a neutralised (used up) which will heat the acid and could make it boil. (1) 

5 h li 
$ y ee eee ne 4 pak ee asit 5 Achemical reaction always forms a new 

solution (to make sure the salt is substance (1) so the change of colour (to blue) 
pure) indicates a new substance being formed. (1) 
sg e to speed up evaporation of the 6 The copper oxide (black solid) remains (does 
water not react). (1) 
ng 6 Each of the oxide ions from the tin oxide 7 because otherwise acid will be left over (1) 
combines with two hydrogen ions from 8 Wear eye protection/safety glasses (1) to 
the acid to form water. reduce the risk of splashes damaging eyes (1) 
$1 1: add excess insoluble base/metal oxide to or clean up all spills (1) to reduce the risk of 
some acid — 2: heat, to speed up the reaction accidental damage to skin or other materials. (1) 
— 3: filter out excess insoluble base/metal 9 a nickel oxide + hydrochloric acid — nickel 
oxide — 4: heat to evaporate some of the chloride + water (1) 
solution — 5: leave to allow crystals of salt to b NiO(s) + 2HCl(aq) (1) — NiCl,(aq) + 
2 
form. H,O(I) (1) 
E1 Step 1. Add aluminium oxide to nitric acid. c Step 1: add excess nickel oxide to some 
Make sure an excess is added so all the acid is (dilute) hydrochloric acid (1) Step 2: 
used up. filter out excess nickel oxide (1) Step 3: 
Step 2. Leave the mixture until the reaction evaporate water to leave nickel chloride (1) 
sete te AWermiieracid to Speedinp ae 10 Small crystals are produced by fast evaporation 
ia ; of the water in the solution. (1) Large crystals 
The reaction equations are: are produced by slow evaporation of the water 
Al,O3(s) + 6HNO,(aq) — in the solution. (1) 
2Al(NO3)3(aq) + 3H20(1) aE 
aluminium oxide + nitric acid — Activity and Assessment Pack 
Sian NIM iktetece Water SC8c.1 Preparing a soluble salt 
Step 3. Filter the mixture to separate the Core Practical 
excess aluminium oxide from the aluminium 
nitrate solution. 1 The crystals are blue and diamond shaped. 
(The size will vary depending on conditions.) 
© Pearson Education Ltd 2017. Copying permitted for 4 


purchasing institution only. This material is not copyright free. 


Edexcel GCSE (9-1) 
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2 a clear solution 
b black solid (powder) 
c blue solution 


3 copper oxide + sulfuric acid — 
copper sulfate + water 


so that all the acid is used up 


The acid would react with the excess copper 
oxide and some or all of it would disappear. 


copper oxide 
copper sulfate 


because the hydrogen ions of the acid are 
removed (and a salt and water are formed) 


9 copper oxide 
10 CuO(s) + H,SO,(aq) + CuSO,(aq) + H,O(I) 


SC8c.2 Bases and salts — Strengthen 


1 missing words: Stage 1, sulfuric; faster; 
Stage 2, cobalt; acid; Stage 3, filter; cobalt 
oxide; Stage 4, evaporate; sulfate; Stage 5, 
crystals; cobalt sulfate. 


2 The missing information is: 


a  CoSO,; H,0; 
b cobalt; acid. 
3 a_ irritant 
b dangerous to the environment 
c_ toxic 


4 Across: 5 neutralisation 
Down: 1 hydrogen 2 salt 3 base 4 water 


SC8c.3 Acids, bases and salts 
Extend 


1 a_ the acid gel is heated to speed up the 
reaction 


iron(IIl) oxide 
c__ iron(lll) oxide + phosphoric acid — 
iron(II) phosphate + water 
d___the phosphate is 3— and the iron(III) is 3+ 


2 a C,E,B,A,D 
b_ C, iron(IIl) oxide is added to phosphoric 
acid; E, The mixture is heated to speed 
up the reaction; B, excess iron(III) oxide 
is filtered out; A, the iron(III) phosphate 
solution is heated to evaporate some of it; 
D, crystals of iron(IIl) phosphate form it. 


3. a_ Ifthe iron(Ill) oxide was in excess then 
some of the oxide would not dissolve. If the 
phosphoric acid was in excess then all the 
iron(IIl) oxide added will dissolve (react). 


b _— iron(lll) phosphate; FePO, 
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Answers 


4  A\,03(s) + GHNO,(aq) > 
2Al(NO3)3(aq) + 3H,O() 


SC8c.4 Bases and salts 
Homework 1 


1. a_ zinc sulfate + water 
b magnesium oxide 
c NiSO,+H,O 
2 lon that is removed during neutralisation. — 
hydrogen ion 
Substance that reacts with acids. — base 


Clear liquid formed when a base reacts with an 
acid. — water 


lonic compound formed during neutralisation. — 
salt 


Solution that has a pH of less than 7. — acid 


Happens when a metal oxide is added to an 
acid. — neutralisation 

3 a_ Acid: sulfuric acid. Base: copper oxide. 
b to make the reaction happen faster 


c__ if it was soluble it would mix with the salt 
solution 


d__ to make sure all the acid is used up 
4 a correct labels on: filter paper, filter funnel, 
beaker and filtrate 
b copper sulfate 


SC8c.5 Types of solution 
Homework 2 


1 a _ copper oxide, zinc oxide, cobalt oxide 


b magnesium chloride, cobalt sulfate, iron 
nitrate 


c zinc oxide, nitric acid 

any base from the box plus any acid to 
make a salt and water 

HSO,(aq) + MgO(s) + MgSO,(aq) + H0(!) 
H,SO,(aq) + NiO(s) — NiSO,(aq) + H,O(I) 
H,SO,(aq) + CoO(s) — CoSO,(aq) + HO(l) 
LiCl 

MgCl, 

AICl; 

Li,SO, 

MgSO, 

Al,(SOx)3 

LiINO3 

Mg(NOs3), 

Al(NO3)3 


fos 


se ~qo7 aq ganno 0 FT ® 


4 a_ base: copper oxide; acid: sulfuric acid 


b the reaction happens faster 
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cto make sure all the acid is used up 


d When no more base (oxide) reacts/ 
dissolves (when some base is left 
unreacted) all the acid must be used up. 


5 a_ x, residue or copper oxide; y, filter funnel 
or filter paper; z, filtrate or copper sulfate 
solution 


b excess copper oxide from copper sulfate 
solution 


c The particles in the copper sulfate solution 
can pass through the tiny holes in the filter 
paper, but the particles of copper oxide 
are larger and cannot pass through the 
holes and so get stuck in the paper. 

ZnO(s) + 2HCl(aq) — ZnCl.(aq) + H,O(I) 

Step 1: heat some hydrochloric acid. 


Step 2: add excess magnesium oxide to the 
warm hydrochloric acid. 


Step 3: filter out the excess magnesium oxide. 


Step 4: heat the magnesium chloride solution 
to evaporate some of the water. 


Step 5: leave the magnesium chloride solution 
to allow the water to evaporate and crystals to 
form. 


MgQ(s) + 2HCl(aq) — MgCl.(aq) + H,O(I) 


SC8d Alkalis and balancing 
equations 


Student Book 


17 
"8 1. Alkalis are bases that dissolve in water. 
Only some bases dissolve in water and 
so are alkalis. 
1/7 
3 2 a LIOH 
b Mg(Oh), 
1/7 
mie 3. KOH(aq) + HCl(aq) — KCl(aq) + H,O(1) 
% 


ws 4  Thenumbers of atoms of each element 
are equal on both sides. 


s"@ 5 Ba(OH),(aq) + H»SO,(aq) — 
BaSO,(s) + 2H,O(I) 


8s 6 3KOH(aq) + H3PO,(aq) — 
K3PO0,(aq) + 3H,O(I) 


$1 Aneutralisation reaction happens; a salt and 
water are produced; there is no other product; 
the reaction mixture gets warmer; the pH 
changes. 


S2 Numbers are added before formulae; if 
needed; to obtain equal numbers on both 
sides of the equation; of atoms of each 
element. 
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Answers 


E1 Numbers are added before formulae; if 
needed; to obtain equal numbers on both sides 
of the equation; of atoms of each element; 
equations show that a salt and water only are 
produced; they cannot show that the reaction 
mixture gets warmer; or that the pH changes. 


Exam-style question 
Mg(OH)2(aq) + ZHCI(aq) — MgCl,(aq) + 2H20(1) 
correct formulae (1); balanced (1); state symbols (1) 


SC8d Core practical — 
Investigating neutralisation 


1. a_ calcium chloride (1) 


b  Ca(OH).(aq) + 2HCl(aq) — CaCl,(aq) + 
2H,O(l) 1 mark for formulae, 1 mark for 
balancing, 1 mark for state symbols 


2 a_ To indicate the dangers associated with 
the substance inside (1) to inform people 
about precautions needed to work safely 
with the substance. (1) 


b = Calcium oxide is corrosive (1) but calcium 
hydroxide is irritant/harmful (1) so calcium 
oxide could cause more damage to skin 
and eyes. (1) 


3. To avoid damage to eyes (1) because 
hydrochloric acid is irritant/corrosive. (1) 


4 a_ volume of acid (1); concentration of acid (1) 
b pH of reaction mixture (1) 


c Usea thermometer instead of indicator 
paper or a pH meter. (1) 


5 a_ answer inthe range 1.1 g to 1.4 g (1) 


b Add smaller portions of calcium oxide 
between 1.0 g and 1.5 g (1) because this 
is the range in which the pH changes 
quickly around pH 7 (1) and there will be 
smaller changes in pH. (1) 


6 a_ Tomake sure that it gives an accurate pH 
value / pH value close to the true value. (1) 
b = The pH meter has the higher resolution 
because it gives readings to 1 or 2 decimal 
places (1) but universal indicator paper 
only gives readings to the nearest whole 
pH unit. (1) 


Activity and Assessment Pack 


SC8&d.1 Neutralising an acid 

Core Practical 

1 Suitable table drawn: two columns; first column 
labelled mass of Ca(OH), powder added /(g); 


second column labelled pH of the mixture; 
sufficient rows for nine readings. 
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Answers 


2 Graph plotted with pH on vertical axis; 
mass of Ca(OH), added (g) on horizontal axis; 
curve of best fit drawn; suitable title included. 


3 Expected results: pH increases as more calcium 
hydroxide is added; end-point is 1.85 g; solubility 
of Ca(OH), is about 0.17 g per 100 cm-? H,O; so 
beyond this excess Ca(OH), is seen. 


4 Intercept at pH 7 identified; mass read from 
graph. 


5 Improvement suggested, e.g. use more precise 
balance (+0.01 g or +0.001 g); increase volume 
of acid used; use narrow range indicator paper; 
use pH meter. 


SC8d.2 Words to balanced equations 


1 HCl 
HNO, 
H,SO, 
H3PO, 
NaOH 
Ca(OH), 


NaCl 
NaNO; 
Na,SO, 
Na3PO, 
CaCl, 
Ca(NOs)2 
CaSO, 
Ca3(PO,)2 


NaOH + HCI — NaCl + HO 
NaOH + HNO, — NaNO, + H,O 
Ca(OH), + H»SO, ~ CaSO, + 2H,O 
2NaOH + H,SO, — Na,SO, + 2H,O 
Ca(OH), + 2HCI + CaCl, + 2H,O 
Ca(OH), + 2HNO, — Ca(NO;), + 2H,O 
3NaOH + H3PO, — NasPO, + 3H,O 


» 


~oO QA 0 F 


en mr~ oO Qo 0 T8989 Ta *OM7O QA90O0 TFT DW 


SC8d.3 Balancing equations 
Strengthen 
1 a_ base; water 

b alkali 

c acid; neutralisation 

acidic solution below pH 7; neutral solution pH 7 


pH increases; goes higher than 7 if enough 
alkali is added 


lithium Li*; barium Ba?*; hydroxide OH- 
5 a LiOH 

b Ba(OH), 

c HCl 
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solid; (I); gas; (aq) 
LiOH + HCI — LiCl + H,O 
Ba(OH).(aq) + 2HCl(aq) — BaCl,(aq) + 2H,O(I) 


same number of atoms of each element on 
both sides; 2 K atoms; 6 O atoms; 4 H atoms; 
1S atom 


o ON O 


SC8d.4 Alkalis and equations 
Homework 1 


1 ae Nat 

Mg?* 

Ca2* 

OH- 

NaOH 

Ca(OH), 

H,SO, 

H,O 

3. substance that reacts with acids to produce 
salts and water only 

4 alkali 


a _use universal indicator and a pH colour 
chart/use a pH meter 


N 
qQogqo ono 20 8 


Ba(OH), + 2HCI — BaCl, + 2H,O 

Mg(OH), + 2HNO, — Mg(NO3). + 2H,O 

8 State symbols show the physical state of each 
substance in the reaction; (s) solid; (I) liquid; 


(g) gas; (aq) aqueous solution/dissolved in 
water. 


b neutralisation 
c The pH increases; from below 7; to above 7. 
d Mg(OH), + ZHCI — MgCl, + 2H,O 
6 a KOH+HNO; — KNO; + H,O 
b Ba(OH), + H,SO, — BaSO, + 2H,O 
7 a  2KOH+H,SO, — K,SO, + 2H,O 
b 
c 


SC8d.5 Modelling reactions 
Homework 2 


1 a é Nat 
Mg?* 
Cu?* 
OH- 
KOH 
Mg(OH), 
H2SO, 
HNO, 


nN 
qQogqo 709 20 8 
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3 a_ base 
calcium hydroxide 


Alkalis are soluble bases; alkalis form 
alkaline solutions; because they release 
hydroxide ions; calcium oxide dissolves so 
it will form an alkaline solution; copper(II) 
oxide is insoluble so it will not form an 
alkaline solution. 


4 a_ use universal indicator and a pH colour 
chart/use a pH meter 
b neutralisation 


The pH increases; from below 7; to 
above 7. 


Mg(OH), + 2HCI — MgCl, + 2H,O 
2CsOH + H,SO, — Cs,SO, + 2H,O 
Ba(OH), + 2HNO, — Ba(NO;), + 2H,O 
3Sr(OH), + 2H3sPO, — Sr3(PO,) + 6H,O 
2Na + 2H,O — 2NaOH + H, 

AAI + 30, > 2Al,05 

Fe,O, + 2H,PO, > 2FePO, + 3H,O 

M. of Fe,O, = 160; M, of H3PO, = 98; 

M. of FePO, = 151; M, of H,O = 18 

160 + (2 x 98) = 160 + 196 = 356 

(2 x 151) + (3 x 18) = 302 + 54 = 356 


The answers are the same; atoms are not 
made or destroyed in chemical reactions; 
so the total mass stays the same; and the 
number of atoms of each element must 
also stay the same. 


oro ovpnaaoexuwnys Q2 a 


ao 


SC8e Alkalis and neutralisation 
Student Book 


17 
ong 1 Ht’ ions from the acid; react with OH- 


a 
Ls ions from the alkali; to form water; higher 
tier may give H*(aq) + OH-(aq) — H,O(I) 


7™— 2 Hydrogen ions from the acid; react with 
hydroxide ions from the alkali; to form 
water; potassium ions from the alkali; 
react with sulfate ions from the acid; to 
form potassium sulfate. 


sa 3. Acids and alkalis are corrosive/irritant; 
there is a risk of harm to eyes and skin if 
they leave the evaporating basin. 


1 / 
ang 4 pipette for the alkali; burette for the acid 


$1 Titration allows acid and alkali to be mixed in 
the correct proportions; to produce a neutral 
solution; of the desired salt and water only; 
repeat the titration without the indicator; 
followed by crystallisation; to obtain the 
dry salt from the salt solution. 
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Answers 


E1 Answer should include advantages and 
disadvantages of each method (examples 
below), with a reasoned conclusion. 


Metal and acid advantages: can add excess 
metal then filter; which is quick. 


Metal and acid disadvantages: sodium and 
potassium are too reactive; dangerous 
reaction; metal will also react with the water in 
the salt solution; to produce hydroxides; which 
will contaminate the salt. 

Titration advantages: sodium hydroxide and 
potassium hydroxide are soluble bases/alkalis; 
so titration can be used to mix them with acids 
in the correct proportions; to produce a neutral 
solution; of the desired salt with water only; 
safer than adding metals to acids. 

Titration disadvantages: need to repeat the 
titration without the indicator; need to repeat to 
obtain accurate titre; more apparatus needed. 


Reasoned conclusion such as: titration is the 
better method because it is safer. 


Exam-style question 


Universal indicator shows a gradual colour change/ 
does not give a sharp end-point. (1) 


phenolphthalein/methyl orange (1) 


Activity and Assessment Pack 


SC8e.1 Making sodium chloride by 
titration 


1 appearance of crystals given; and compared to 
description 


2 titration evaluated, with reasons given for 
either successful production of a neutral 
solution (e.g. two accurate runs with close or 
concordant titres), or for not doing so (e.g. 
problems obtaining an accurate titre such as 
going past the end-point) 


3 use apH meter; use universal indicator paper/ 
solution and a pH colour chart 


4 appearance of crystals compared to the 
appearance of crystals obtained by other 
groups 


SC8e.2 A method for titration 
Correct order spells NEUTRAL. 


SC8e.3 Using titration — Strengthen 
1. a_ hydrogen 


b hydroxide 

2 a_ burette 
b —_clamp/burette holder 
c conical flask 
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d_ acid 

e tap 

f = alkali and indicator 
H,0() 


Nn Oo Oo fF W 


neutralisation 
(volumetric) pipette 
boxes 2 and 4 ticked 


(Titration must be used if a soluble salt is made 


from an acid and an) alkali. 


(Titration makes sure that the reactants 
produce) a neutral solution. 


SC8e.4 Titration and soluble salts 
Homework 1 


1 8a 
b 
c 


oaoa on o 


H* = hydrogen ion; OH- = hydroxide ion 
H* from acid; OH- from alkali 

(aq) means aqueous solution/dissolved in 
water; (I) means liquid 

sodium sulfate 


allows acid and alkali to be mixed in the 
correct proportions/produces a salt and 
water only 


sulfuric acid + sodium hydroxide — 
sodium sulfate + water 

(volumetric) pipette 

burette 

pink to colourless 

methyl orange 


pour off the liquid/filter to separate the 
crystals; pat the crystals with filter paper/ 
leave the crystals in a warm place to dry 


SC8e.5 Soluble salts and titration 
Homework 2 


1 3a 
b 
2 =a 
b 
c 
3 2a 
b 
4 a 
b 


hydrogen ions react with hydroxide ions to 
make water; and/or equation given 

H*(aq) + OH“(aq) > H20(1) 

hydrogen ions from acid; hydroxide ions from 
alkali (this might also be stated in part a) 
sodium sulfate 


sodium sulfate is a soluble salt; salt 
solution must be neutral; to prevent 
contamination from excess acid or alkali 


H,SO,(aq) + 2NaOH(aq) — 

Na,SO,(aq) + 2H,O(I) 
(volumetric) pipette 
burette 


phenolphthalein/methyl orange 


colour change for indicator named in 
part a, e.g. colourless to pink/red to yellow 
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measure alkali into a conical flask; using a 
pipette and pipette filler; add a few drops of 
indicator; add acid from a burette; continue 
to end-point/colour change; record start 
and end readings; calculate titre 


two from: wear eye protection/do not 
overfill burette/do not fill burette above eye 
level/other suitable safety precaution 


two from: add acid drop by drop near the 
end-point/repeat (until concordant results)/ 
make sure burette is vertical/take readings 
at eye level/use a pipette to measure the 
alkali 


6 add salt solution to an evaporating basin; heat 
to evaporate some of the water; pour off/filter 
excess liquid; dry crystals using filter paper/ 
warm oven 


Extra challenge 


7 a 


Graph plotted using a scale that allows the 
plotted points to cover at least 50% of the 
area between the axes; axes labelled with 
quantity and unit; points plotted correctly; 
reasonable curve of best fit drawn; 
suitable title included. 


volume taken from graph at pH 7; e.g. 
25.0 cm? 


concentrations must be the same; if same 
volumes needed to produce a neutral 
solution; students may also provide the 
equation HCI + NaOH — NaCl + H,0 
The acid is neutralising the alkali; so the 
pH decreases. 

The pH changes very rapidly near the 
end-point; she wanted to obtain accurate 
results near the end-point. 

Excess acid is being added to a neutral 
solution; so the pH continues to decrease. 


SC8f Reactions of acids with 
metals and carbonates 


Student Book 


1 / 
aoe 


ta” 


1 


Gold is unreactive and does not react 
with dilute acids. 


a zinc + hydrochloric acid > 
zinc chloride + hydrogen 


b Zn+2HCl — ZnCl, + He 
c Zn(s) — Zn?*(aq) + 2e 
CaCl, 


(aq) is an aqueous solution and contains 
a solute dissolved in water; (I) is a pure 
liquid 
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| 7 
9 5 ZnCO,+2HNO,—> Zn(NO;), + CO, +H,O 


Yast 
% 


sve 6 2H*(aq) + CO;*(s) — H2O() + CO2(g) 


os 
$1 


a Add dilute hydrochloric acid or sulfuric 
acid to magnesium/zinc/iron. There will be 
effervescence/fizzing as a gas is given off. 
Place a lighted splint in the tube. If there is 
a squeaky pop, this proves that hydrogen is 
present. An equation for the reaction between 
the chosen acid and metal, 
e.g. Mg + H,.SO,4 — MgSO, + He 


b Add a dilute acid to a metal carbonate. There 
will be effervescence/fizzing as a gas is given 
off. Bubble the gas through limewater. If the 
limewater turns milky, this proves that carbon 
dioxide is present. An equation for the reaction 
between the chosen acid and metal carbonate, 
e.g. MgCO3 + H,SO, — MgSO, + H,0 + CO, 

E1 

zinc + hydrochloric acid — zinc chloride + hydrogen 

Zn(s) + ZHCl(aq) — ZnCl,(aq) + H2(g) 


Zn(s) + 2H*(aq) — Zn**(aq) + H2(g) 


Exam-style question 


Place a lighted splint in the tube of gas. (1) 
If there is a squeaky pop, this proves that hydrogen 
is present. (1) 


Activity and Assessment Pack 


SC8f.1 Reactions of acids with 

metals and carbonates 

Answers to questions on page 1 

1 Students’ answers presented in suitable tables 
to include: effervescence expected from 
magnesium, zinc and iron with both acids, 
but the amount of bubbles decreases from 
magnesium to zinc to iron; it is possible that 
only magnesium will produce enough hydrogen 
to make the lighted splint pop; no effervescence 
from copper; effervescence, and limewater 
turns milky, for both carbonates and both acids 


2 magnesium, zinc and iron reacted with both 
acids to produce hydrogen 


3 both carbonates reacted with both acids to 
produce carbon dioxide 


4 Mg+2HCl— MgCl, +H, 
Zn + 2HCI — ZnCl, + Hp 
Fe + 2HCI — FeCl, + Hp 
Mg + H,SO, — MgSO, + H, 
Zn + H»SO, — ZnSO, +H» 
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Fe + H,SO, > FeSO,+H, 
MgCO; + 2HCl — MgCl, + H,O + CO, 
CuCO, + 2HCI — CuCl, + H,O + CO, 
MgCO, + H,SO, — MgSO, + H,O + CO, 
CuCO, + H»SO, — CuSO, + H,O0 + CO, 


Answers to questions on page 2 


1. Students’ results: effervescence expected from 
magnesium, zinc and iron with both acids, but the 
amount of bubbles decreases from magnesium 
to zinc to iron; it is possible that only magnesium 
will produce enough hydrogen to make the 
lighted splint pop; no effervescence from copper 


2 Students’ results: effervescence, and limewater 
turns milky, for both carbonates and both acids 


hydrogen 

metal + acid — salt + hydrogen 

copper 

a reactive metal such as potassium or sodium 


carbon dioxide 


on oa kk wW 


carbonate + acid — 
salt + water + carbon dioxide 


SC8f.2 Salts summary 


1 a_- salt + hydrogen 

salt + water 

salt + water 

salt + water + carbon dioxide 


chlorides 
nitrates 
sulfates 
ethanoates 


Nn 
qQoqo ono 208 


3. Similarity: they both react with an acid to form 
a salt and water only. 


Difference: a base may be soluble or insoluble 
in water, an alkali is always soluble. 

4 a _ base 

neither 

neither 

alkali 

HNO3 

(NH,4)2CO3 

K,SO,4 

Mg(NO3)2 

6 CuO + 2HCI — CuCl, + H,0 

a__ it gives a squeaky pop with a lighted splint 

b _ it turns limewater milky 


oa 
qQogqo ono 2.08 


~“ 


10 


Edexcel GCSE (9-1) 


Sciences 


Answers 


8 a_ to separate the salt solution from the 
excess insoluble reactant 


b When the solution becomes more 
concentrated, it will start to ‘spit’ out of the 
basin when heated directly with a Bunsen 
flame; heating slowly with a boiling water 
bath will reduce this effect. 


c  Thecrystals need some water to form; 
without water they will form as an 
anhydrous powder. 


9 titration 


SC8f.3 Making and testing gases 
Strengthen 


1 a_ iron or magnesium 
bs copper or silver 
c potassium or sodium 
a zinc + sulfuric acid > 

zinc sulfate + hydrogen 
Zn + H»SO, — ZnSO, + He 
effervescence/fizzing/bubbles 


d__ place a lighted splint in the gas; ifa 
squeaky pop is heard, the gas is hydrogen 


a 


3 a zinc carbonate + sulfuric acid + — 
zinc sulfate + water + carbon dioxide 


ZnCO,z + H,SO, 4 ZnSO, + H,0 + CO, 
effervescence/fizzing/bubbles and the zinc 
carbonate disappears 


d___ bubble the gas through limewater; if the 
limewater turns milky, the gas is carbon 
dioxide 

4 a — magnesium + hydrochloric acid > 
magnesium chloride + hydrogen 

b magnesium carbonate + nitric acid — 


magnesium nitrate + water + carbon 
dioxide 


SC8f.4 Gases — Homework 1 


1. anunreactive metal such as copper, silver or 
gold 


2  areactive metal such as sodium or potassium 


3 a zinc sulfate, ZnSO, 
b= zinc chloride, ZnCl, 
4 a magnesium + hydrochloric acid > 
magnesium chloride + hydrogen 
Mg + 2HCI — MgCl, + He 
c_ effervescence/fizzing/bubbles 
d__ place a lighted splint in the gas; ifa 
squeaky pop is heard, the gas is hydrogen 
5 a_ copper sulfate, CuSO, 
b_ calcium nitrate, Ca(NO3). 
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a magnesium carbonate + hydrochloric acid — 
magnesium chloride + water + carbon 
dioxide 
MgCO, + 2HCI — MgCl, + H,O + CO, 
effervescence/fizzing/bubbles and the 
magnesium carbonate disappears 


d__ bubble the gas through limewater; if the 
limewater turns milky, the gas is carbon 
dioxide 


SC8f.5 Gases and equations 
Homework 2 


1 


10 


a copper is low in the reactivity series and 
does not react with dilute acids 


b sodium is high in the reactivity series and 
reacts violently/explosively with dilute 
acids 


a zinc sulfate, ZnSO, 
b iron(II) chloride, FeCl, 


Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(g) 


place a lighted splint in the gas; if a squeaky 
pop is heard, the gas is hydrogen 


bubble the gas through limewater; if the 
limewater turns milky, the gas is carbon dioxide 


a copper ethanoate 
b barium chloride 


CaCO,(s) + 2HNO;(aq) — 
Ca(NO3)2(aq) + H2O(I) + CO2(g) 


an answer to include: place (25 cm?) dilute 
sulfuric acid in a beaker; add zinc carbonate a 
spatula at a time until all the acid has reacted 
and some solid remains at the bottom of the 
beaker; filter the mixture; collect the filtrate 

in an evaporating basin; place the basin and 
contents on a boiling water bath; allow about 
half the water to evaporate; leave the basin to 
cool down and crystals to form; dry the crystals 
on tissue paper 


a___ observations to include: effervescence/ 
fizzing/bubbles; the magnesium 
disappears; a colourless solution is left 
Mg(s) + 2H*(aq) — Mg?*(aq) + H,(g) 

c Mg(s) — Mg?*(aq) + 2e 
2H*(aq) + 2e — H,(g) 

d i the magnesium atoms are oxidised as 

they lose electrons 


ii the hydrogen ions are reduced as 
they gain electrons 


a observations to include: effervescence/ 
fizzing/bubbles; the magnesium carbonate 
disappears; a colourless solution is left 


b  2H*(aq) + CO37-(s) — HzO + CO,(g) 
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Answers 


c_ the hydrogen ions and carbonate ions 
react to form water molecules and carbon 
dioxide molecules 


SC8qg Solubility 
Student Book 


| 7 
soe 1. Soluble: sodium chloride, lead nitrate, 


v ; ; : 
potassium hydroxide, ammonium 
carbonate 


Insoluble: calcium sulfate, silver 
chloride, calcium carbonate 


4°§ 2  Alllead compounds are insoluble except 
lead nitrate. 


3s 3 a_ barium sulfate 


og b MgSO,(aq) + BaCl,(aq) — 
BaSO,(s) + MgCl.(aq) 


u's c  Ba?*(aq) + SO,?-(aq) - BaSO,(s) 
6*s 4 a Noprecipitate is formed. 


™3 b Sodium nitrate and copper chloride 
are both soluble in water. 


sa 5 a_ torinse out any precipitate left 
inside the beaker 


sa b to wash the precipitate and remove 
any of the soluble product left on it 


6s 6 any two from: leave it on a warm 

radiator; leave it on a (sunny) windowsill; 

dry on tissue/filter paper; leave it to dry 

in air. 

$1 Answer to include: use of lead nitrate solution; 
use of any soluble sulfate, e.g. sodium sulfate 
solution; mix the two solutions in a beaker; 
filter the mixture; rinse the beaker with a little 
distilled water; pour the washings through 
the funnel; pour a little distilled water over the 
precipitate; dry the precipitate in a warm oven 
or other suitable method of drying. Example 
of equation: Pb(NO3).(aq) + Na,SO,(aq) — 
PbSO,(s) + 2NaNO;(aq) 


E1 Answer to include: 
a precipitate of copper carbonate forms from 
sodium carbonate solution and copper sulfate 
solution 
Cu?*(aq) + CO37-(aq) — CuCO;(s); 
a precipitate of barium sulfate forms from 
copper sulfate solution and barium chloride 
solution 
Ba?*(aq) + SO,?-(aq) — BaSO,(s); 
a precipitate of barium carbonate forms from 
sodium carbonate solution and barium chloride 
solution 
Ba?*(aq) + CO3?-(aq) — BaCO,(s) 
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Exam-style question 


A description including: mix the solutions to form 
a precipitate (1); filter the mixture (1); wash the 
precipitate with a little distilled water (1); suitable 
method of drying (1). 


Activity and Assessment Pack 


SC8g.1 Preparation of insoluble 

salts 

Answers to questions on page 1 

1. Silver chloride is formed as a white precipitate. 
Students may notice that it turns purple in 


sunlight. Copper carbonate is formed as a 
blue/green precipitate. 


2 to make sure that all the silver nitrate reacted 
to rinse off all the remaining solutions 
4 AgNO,(aq) + NaCl(aq) — AgCl(s) + NaNO;(aq) 


Equation for the solutions used, e.g. 
Cu(NOs)2(aq) + Na,CO,(aq) — 
CuCO,(s) + 2NaNO,(aq) 


Answers to questions on page 2 
1. a_ silver nitrate + sodium chloride — 
silver chloride + sodium nitrate 
silver chloride 


cto make sure that all the silver nitrate 
reacted 


d  awhite precipitate/solid formed (students 
may see it begin to change colour) 


e___torinse off all the remaining solutions 
f AgNO;(aq) + NaCl(aq) — 
AgCl(s) + NaNO;(aq) 
2 a_ asoluble copper salt, e.g. copper nitrate, 
copper sulfate, copper chloride 


b a soluble carbonate, e.g. sodium 
carbonate, potassium carbonate 


c a blue/green precipitate/solid 


d = equation for the solutions used, e.g. 
copper nitrate + sodium carbonate — 
copper carbonate + sodium nitrate 


e equation for the solutions used, e.g. 
Cu(NO3)(aq) + NazCO3(aq) — 
CuCO,(s) + 2NaNO,(aq) 


SC8g.2 Making predictions 


1 barium hydroxide, Ba(OH). 
barium sulfate, BaSO, 
silver chloride, AgCl 
calcium carbonate, CaCO, 


no precipitate, sodium sulfate and copper 
chloride are both soluble 


» 


oaoa tS 


12 
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a any soluble sulfate, e.g. sodium sulfate 
b__ lead sulfate, PbSO, 
a__ any soluble carbonate, e.g. sodium 
carbonate 
b = zinc carbonate, ZnCO, 
a___ lead nitrate and any soluble chloride, e.g. 
sodium chloride 
b e.g. sodium nitrate 
c e.g. lead nitrate + sodium chloride — 
lead chloride + sodium nitrate 
a 2NaQOH(aq) + CuCl,(aq) - 
2NaCl(aq) + Cu(OH),(s) 
sodium hydroxide + copper chloride — 
sodium chloride + copper hydroxide 
b Ca(NOs),(aq) + Na,CO,(aq) > 
CaCO,(s) + 2NaNO,(aq) 
calcium nitrate + sodium carbonate — 
calcium carbonate + sodium nitrate 
¢ (NH,)2SO,(aq) + Pb(NOs),(aq) > 
2NH,NO,(aq) + PbSO,(s) 
ammonium sulfate + lead nitrate — 
ammonium nitrate + lead sulfate 


SC8g.3 Making an insoluble salt 
Strengthen 


1 


a__ barium nitrate or barium chloride 
b  asoluble sulfate, e.g. sodium sulfate 
c word equation, e.g. 


barium nitrate + sodium sulfate — 
barium sulfate + sodium nitrate 


a magnesium chloride + sodium carbonate — 
magnesium carbonate + sodium chloride 
b MgCl,(aq) + Na,CO,(aq) — 
MgCO,(s) + 2NaCl(aq) 
a __ filtration/filtering 
b add distilled/deionised water to the solid 
in the filter paper to wash it, open the filter 
paper, dry the solid in a warm oven or 
other method of drying 
c AgNO.,(aq) + NaCl(aq) — 
AgCl(s) + NaNO,(aq) 


SC8g.4 Precipitates - Homework 1 


1 


Soluble — magnesium chloride, ammonium 
carbonate 


Insoluble — lead sulfate, silver chloride 
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Answers 


a Aninsoluble product formed when 
solutions of two soluble reactants are 
mixed. 


b barium chloride + sodium sulfate — 
barium sulfate + sodium chloride 


c__ barium sulfate 


a magnesium carbonate as most carbonates 
are insoluble and magnesium carbonate is 
not one of the exceptions; sodium sulfate 
is soluble 

b MgSO,(aq) + NazCO3(aq) > 

MgCO,(s) + NazSO,(aq) 


an answer to include: mix the zinc nitrate 
solution and sodium hydroxide solution in a 
beaker/suitable container; stir with a glass 

rod; filter the mixture through a filter funnel 
with filter paper; rinse the beaker with a 

little distilled/deionised water and pour the 
washings through the solid in the funnel; pour 
a little distilled/deionised water over the solid in 
the funnel; open the filter paper; dry the solid in 
a warm oven/other suitable method of drying 


SC8g.5 Precipitates and equations 
Homework 2 


1 


13 


a sodium, potassium or ammonium 
carbonate 
b e.g. barium nitrate + sodium carbonate — 
barium carbonate + sodium nitrate 


a___lead nitrate and a soluble sulfate, e.g. 
sodium sulfate 


b an answer to include: mix the lead nitrate 
solution and the sulfate solution in a 
beaker/suitable container; stir with a glass 
rod; filter the mixture through a filter funnel 
with filter paper; rinse the beaker with a 
little distilled/deionised water and pour the 
washings through the solid in the funnel; 
pour a little distilled/deionised water over 
the solid in the funnel; open the filter 
paper; dry the solid in a warm oven/other 
suitable method of drying 


a any soluble copper compound, e.g. copper 
nitrate, and any soluble carbonate, e.g. 
sodium carbonate 


b balanced equation, with state symbols for 
the solutions chosen in a, e.g. 
Cu(NOs)2(aq) + NazCO,(aq) — 

CuCO,(s) + 2NaNO,(aq) 
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Sciences Answers 


4 a  2NaOH(aq) + BaCl,(aq) > 5 
2NaCl(aq) + Ba(OH),(s) 
b BaCl,(aq) + KzSO,(aq) 
BaSO,(s) + 2KCl(aq) 
c AgNO,(aq) + NH,Cl(aq) > 
AgCl(s) + NH,NO,(aq) 
d = (NH,),CO3(aq) + Ca(NO3).(aq) — 6 
2NH,NO.,(aq) + CaCO,(s) 
e CaCl,(aq) + Na,SO,(aq) > 
CaSO,(s) + 2NaCl(aq) 


Ag*(aq) + Cl-(aq) + AgCl(s) 

Ba?*(aq) + SO,?-(aq) — BaSO,(s) 
Pb?*(aq) + 2Cl-(aq) — PbCl,(s) 
Mg?*(aq) + 20H (aq) — Mg(Oh),(s) 
2A\**(aq) + 3CO37-(aq) — Al2(COs)3(s) 
Fe2* 

Fes 


Tro onaaen#»&kt w»® 
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SC9a Masses and empirical a a HS 
Ca? 
formulae b CH 
Student Book ce  CsHi2 
L/S M 
™s 1 +a CH, es 5 mass of oxygen = 0.960 - 0.576 
ond - = 0.384 g 
is b NH, Mg O 
Me, 0.576 0.576 
i3 e° CH, mass/A, OA OA 
™, ratio 1 1 
7 e CH,O 
aw j empirical formula is MgO 
™% 
eae 2 a 2% 14=28 S1 Weigh an empty crucible; add a spatula of 
M. copper powder; reweigh the crucible with 
Py b 23+ 35.5=58.5 copper powder; set up a pipeclay triangle on a 
M. tripod; place a Bunsen burner and heat-resistant 
ee c¢ 14+(3x1)=17 mat under the crucible; place the crucible with 
M, the copper powder on the pipeclay triangle; 
Ay d (2% 1) +32 + (4 x 16) = 98 heat the crucible; continue heating until all the 
m powder has turned black; allow the crucible to 
ee e 2(14+ (4 x 1)) + 32 + (4 x 16) cool; reweigh the crucible and copper oxide; 
= 132 mass of copper = (mass of crucible + copper) 
Me, : — mass of empty crucible; mass of oxygen = 
ae 3 a Li O (mass of crucible + copper oxide) — (mass of 
aiasetA 1.4 1.6 crucible + copper); divide the mass of copper 
J 7 16 by the relative atomic mass of copper; divide 
=0.2 =0.1 the mass of oxygen by the relative atomic mass 
02 0.1 of oxygen; divide these two answers by the 
divide by 01 01 smaller value to find the simplest ratio. 
smaller ratio 2 1 E1 C H O 
empirical formula is Li,O mass/A, eee 38 ao 
ae b Mg Cc O 
ta? ee ae 4 = 0.167 =0.33 = 0.167 
mass/A, : ; oa 0.167 0.33 0.167 
ee ohige oy 0.167 0.167 0.167 
7 OOo Ode ONS smaller ratio 1 2 1 
divide by = = ae empirical formula is CH,0 
, empirical formula mass = 12 + (2 x 1) + 16 = 30 
smaller ratio 1 1 3 - 60 
- M/empirical formula mass = 7~ = 2 
empirical formula is MgCO; ; 30 
Me, molecular formula is C,H,O, 
Pa c C H 
mass/A, a os Exam-style question 
Fe Br 
eee |mass/A. |56_,, |240_., | 
Pe 0.12 3 Me Se Ol il aa Oe 0 
pea! 0.12 0.12 : 
ratio 1 3 (1) 
smaller ratio 1 2.5 empirical a a) 
multiply by2 2 5 formula 
empirical formula is C,H, 
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Sciences 


Activity and Assessment Pack 


Answers 


0.3 0.3 1.2 
0.3 0.3 0.3 
smaller ratio 1 1 4 


empirical formula is CuSO, 


divide by 


SC9a.1 Determining the empirical 
formula for magnesium oxide 


=12+(3x1)=15 
2 calculations from those results: 30 
mass of magnesium = (mass of crucible + 15 2 


magnesium) — mass of empty crucible molecular formula is C,H, 


mass of oxygen = (mass of crucible + b relative empirical formula mass 
magnesium oxide) — (mass of crucible + =(2x 12)+(6 x 1)+ 16=46 
magnesium) 46 _ 1 

46 


empirical formula: MgO 
molecular formula is C,;HgO 


relative empirical formula mass 
=12+(2x 1) +16 =30 


3 to allow air/oxygen in so the magnesium could 
burn; only lifted occasionally so that not too c 
much magnesium oxide escaped 


60 
4 when it no longer flared up when the lid was 30 ~ 2 
lif 
ited molecular formula is C,H,O. 
SC9a.2 Empirical and molecular 5 a C H 
formulae mass/A, eos ae 
be a cee ee Me =0.714 =1.43 
b 32+ (2x 16) = 64 0.714 1.43 
= divide by ASai Saal 
c 40+12+(3 x 16) = 100 0.714 0.714 
d 24+(2x 14) +(6 x 16) = 148 smaller ratio 1 2 
e (2% 27) + (3 x 32) + (12 x 16) = 342 empirical formula is CH, 
2 a HO b_ relative empirical formula mass 
b CH, =12+(2x1)=14 
Was 
c C5H,2 14 aa 
d C,H,0 molecular formula is C5H,9 
e. -CrLO 6 mass of oxygen = 14.8 — (2.8 + 2.4) =9.6g 
3 a Na Cl Li e O 
4.6 71 2.8 2.4 9.6 
mass/A, 33 55 mass/A, ca aa 7 
= 0.2 =0.2 = 0.4 = 0.2 = 0.6 
ae 0.2 0.2 bg 0.4 0.2 0.6 
divide by a a divide by 02 02 02 
smaller ratio 1 1 smaller ratio 2 1 3 


empirical formula is NaCl 


Zn Cl 
10.40 11.36 
mass/A, 65 355. 
=0.16 = 0.32 
_ 0.16 0.32 
divide by 0.16 16 
smaller ratio 1 2 
empirical formula is ZnCl, 
Cu Ss O 
Graeena 19.05 9.60 19.20 
J 63.5 32 16 
=03 =03 =1.2 
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empirical formula is Li,CO3 


SC9a.3 Determining an empirical 
formula — Strengthen 


1 


a __ Bunsen burner 
magnesium ribbon 
crucible 

pipeclay triangle 
tripod 

f heat-resistant mat 


oQaQa dt 


mass of crucible and lid; mass of crucible, 
lid and magnesium; mass of crucible, lid and 
magnesium oxide 
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Sciences 


3 


to allow air/oxygen in for the magnesium to burn 
but not to allow too much magnesium oxide to 
escape 


The magnesium does not flare up when the lid 
is lifted. 


[ 5] Divide both answers by the smaller of the 
two to find the simplest ratio. 


[ 2 or 3 ] Find the mass of oxygen used. 


[ 1 ] Look up the relative atomic masses of 
magnesium and oxygen. 


[ 7] Write out the empirical formula. 

[ 4 ] Divide the mass of each element by its A,. 
[ 2 or 3 ] Find the mass of magnesium used. 

[ 6 ] Find the simplest whole number ratio. 


SC9a.4 Masses and formulae 
Homework 1 


1 


5 


a 39+ 127 = 166 


b (2x 23)+32+ (4x 16) = 142 
c 40+(2x(16+1))=74 
a NH, 
b C3H, 
C CgHa 
a Mg Cl 
3.60 10.65 
mass/A, OA 35 5 
=0.15 =0.3 
4 15 0.3 
aie hy 0.15 0.15 
smaller ratio 1 2 
empirical formula is MgCl, 
b Li O 
9.1 10.4 
mass/A, 7 16 
= 1.3 = 0.65 
a3 1.3 0.65 
ence ey 0.65 0.65 
smaller ratio 2 1 


empirical formula is Li,O 


The empirical formula shows the simplest 
whole number ratio of atoms in a formula; the 
molecular formula shows the actual number of 
atoms in a molecule. 


a___ relative empirical formula mass = 
(4x 12)+(9x1)=57 
at 
57 
molecular formula is CgH,, 


2 
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Answers 


b_ relative empirical formula mass = 
(2x 12)+(4x1)+16=44 
88 = 
44 
molecular formula is C,H,O, 


2 


a description to include: find the mass of an 
empty crucible; add a strip of magnesium 
ribbon and find the mass of the crucible and 
magnesium; place a lid on the crucible; place 
the crucible on a pipeclay triangle on a tripod; 
heat the crucible; lift the lid at intervals to 
allow air to enter; but do not allow too much 
magnesium oxide to escape; stop heating 
when all the magnesium has reacted; allow the 
crucible to cool; find the mass of the crucible 
and magnesium oxide 


SC9a.5 Formulae — Homework 2 


1 


a (2% 27)+(3x 16) = 102 


b 2(14+(4~x 1))+12+(3 x 16) = 96 
c 56+ 3(14+ (3 x 16)) = 242 

a CH 

b C,H,O0 

c C,4H,0, 


The empirical formula shows the simplest 
whole number ratio of atoms in a formula; the 
molecular formula shows the actual number of 
atoms in a molecule. 


a C H O 
2.88 48 3.84 
mass/A, 19 1 16 
= 0.24 = 048 = 0.24 
oe 0.24 0.48 0.24 
divideby Ga4 0.24 0.24 
smaller ratio 1 2 1 


empirical formula is CH,O 


b_ relative empirical formula mass = 
12+(2* 1) +16 =30 
180 _ 
a0 
molecular formula is CgH,20, 


a description to include: find the mass of an 
empty crucible; add a strip of magnesium 
ribbon and find the mass of the crucible and 
magnesium; place a lid on the crucible; place 
the crucible on a pipeclay triangle on a tripod; 
heat the crucible; lift the lid at intervals to 
allow air to enter; but do not allow too much 
magnesium oxide to escape; stop heating 
when all the magnesium has reacted; allow the 
crucible to cool; find the mass of the crucible 
and magnesium oxide 
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Answers 


6 In 100g of the compound, there is 70g of iron 
and 30g of oxygen. 


Fe O 
70 30 
mass/A, 56 16 
= 1.25 = 1.875 
es 1.25 1.875 
divide Dy 1.25 1.25 
smaller ratio 1 1.5 
multiply by 2 2 3 


empirical formula is Fe,03 

7 M,=(2* 39) + 32+ (4x 16) = 174 
%K = ((2 * 39)/174) x 100 = 44.8% 
%S = (32/174) x 100 = 18.4% 
%O = ((4 x 16)/174) x 100 = 36.8% 


SC9b Conservation of mass 
Student Book 


4 20/2 = 10 gdm-3 
ie a = 10gam 
L/ 
s$ = b  250cm? = 0.25 dm 
concentration = 0.5/0.25 = 2g dm? 


rl 

oe 2 12.4-80=44g 
M% 

oy 3 1.59-1.27=0.32g 


ee 4 A, Mg = 24, M,H, = 2 
Mg produces H, 
24g Mg produces 2g H, 
1g Mg produces 2/24 g H, 
72g Mg produces 72 x 2/24g H,=6g 


gee 5 -M,CH4= 16, M,H,O = 18 
fae 
CH, produces 2H,O 
16g CH, produces 2 x 18 = 36g H,O 
1g CH, produces 36/16 g HO 


500 g CH, produces 500 x 36/16 g H,O 
=1125g 
aa 6 M,.r NaOH = 40, M, Na,SO, = 142 
Ca? 
2NaOH produces Na,SO, 


142 kg Na,SO, is produced from 2 x 40 
= 80 kg NaOH 


1 kg Na SO, is produced from 80/142 kg 
NaOH 


42.6 kg Na,SO, is produced from 42.6 x 
80/142 kg NaOH = 24 kg 


$1 a_ notes to include: calculate the relative 
formula mass of the substance you are 
given the mass of/sodium carbonate; this is 
(2 x 23) + 12 + (3 x 16) = 106; calculate the 
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relative formula mass of the substance you 
are finding the mass of/sodium chloride; this 
is 23 + 35.5 = 58.5; the balancing numbers 
in the equation show that Na,CO, makes 2 
NaCl; so 106 g of Na,CO, makes 2 x 58.5 
= 117g NaCl; find the mass of NaCl formed 
from 1g of Na,CO; by dividing the mass 

of NaCl by 106; this is 117/106 g; find the 
mass of NaCl formed from 5.3 g Na,CO, by 
multiplying the fraction by 5.3 g; this is 5.3 x 
117/106 = 5.85 g 


b Carbon dioxide is a gas and it escapes 
from the beaker/flask, so the mass 
decreases. 


E1 M,.Mg(NO,), = 24 + 2(14 + (3 x 16)) = 148, M, 
NO, = 14 + (2 x 16) = 46, M, O, = 2 x 16 = 32 
Loss in mass is caused by NO, and O, 
2Mg(NO3)2 makes 4NO, and O, 


2 x 148 = 296 g Mg(NO3). makes 4 x 46 = 
184g NO, and 32g O, 


1g Mg(NO3). makes 184/296 g NO, and 
32/296 g O2 


2.96 g Mg(NO;), makes 2.96 x 184/296 g NO, 
= 1.84g and 2.96 x 32/296 = 0.32 g 


Total loss in mass = 1.84 + 0.32 = 2.16 g 


Exam-style question 

M, Mg = 24, M, MgO = 24 + 16 = 40 (1) 

2Mg forms 2MgO, so Mg forms MgO 

24 g of Mg forms 40 g of MgO (1) 

1.56 g of Mg forms 1.56 x 40/24 g MgO = 2.6g (1) 


There are other correct ways of carrying out this 
calculation, and they would also score full marks. 


Activity and Assessment Pack 


SC9b.1 Decomposition of copper 
carbonate 


1. student’s recorded mass (y g) 

2 M,CuCO3 = 63.5 + 12 + (3 x 16) = 123.5 
M, CuO = 63.5 + 16 = 79.5 
123.5g of CuCO,; makes 79.5g of CuO 
1g of CuCO; makes 79.5/123.5g of CuO 
yg of CuCO3 makes y x (79.5/123.5) g CuO 


3. student’s own results table 
4 calculation from student’s own mass 


5 comparison between mass calculated in 
question 2 and experimental mass from 
question 4 


Edexcel GCSE (9-1) 
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6 The mass of copper oxide left may be higher 
than expected as not all of the copper 
carbonate has decomposed. 


7 Heat the tube again, cool and reweigh. Repeat 
this until two identical masses are obtained. 
This ensures that decomposition is complete. 


SC9b.2 Calculations with masses 
1 mass of CO,=10.0-56=44g 


2 M,CuO = 63.5 + 16 = 79.5, A, Cu = 63.5 


CuO makes Cu, so 79.5 g of CuO makes 
63.5g Cu 


3. M,CaCO3 = 40 + 12 + (3 x 16) = 100 
M, CO, = 12 + (2 x 16) = 44 
CaCO; makes COs, so 100g of CaCO; makes 
44 g of CO, 
1g CaCO, makes 44/100g CO, 
15g CaCO; makes 15 x (44/100) = 6.6 g CO, 


4 M.N,=2%* 14=28 
M, NH3 = 14 + (3 * 1) =17 
N, makes 2NH3, so 28 tonnes of Nj makes 2 x 
17 = 34 tonnes NH, 
1 tonne N, makes 34/28 tonnes NH; 


42 tonnes Nz makes 42 x (34/28) = 51 tonnes 
NH, 


5 M,NH,= 14 = (3x 1) =17 
M, (NH,4)2SO, = 2(14 + (4 * 1)) + 32 + (4 x 16) 
= 132 


2NH; makes (NH,)oSO,, So 2 x 17 = 34 kg of 
NH3 makes 132 kg (NH4)2SO4 


1 kg (NH,),SO, is made from 34/132 kg NH, 
396 kg (NH,4)2SO, is made from 396 x (34/132) 
= 102 kg NH, 


6 volume of solution = 250/1000 = 0.25 dm? 
concentration = 5.00/0.25 = 20g dm? 


7 MrClh=2x35.5=71 
M, AICI, = 27 + (3 x 35.5) = 133.5 
3Cl, makes 2AICls, so 3 x 71 = 213g Cl, 
makes 2 x 133.5 = 267g AICI, 
1g Cl, makes 267/213 g AICI, 


6.39 g Cl, makes 6.39 x (267/213) = 8.01g 
AICI, 


SC9b.3 Reacting masses 
Strengthen 
1 potassium chloride, water and carbon dioxide 


2 Carbon dioxide is a gas and it escapes (from 
the open container). The loss in mass is equal 
to the mass of carbon dioxide. 
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Answers 


3 a (2x 39)+12+(3 x 16) = 138 
b 39+ 35.5 = 74.5 
4 138g of K,CO3 produces 2 x 74.5 = 149g KCI. 
5 149/138 
6 1.38 x (149/138) = 1.49 g 
7 — answer to include: find the relative formula 


mass of the substance you are given the mass 
of; M, Na,CO3 = (2 x 23) + 12 + (3 x 16) = 106; 
find the relative formula mass of the substance 
whose mass you are trying to find; M, NaCl = 
23 + 35.5 = 58.5; look at the balancing numbers 
of those two substances in the equation; 
Na,CO3 makes 2NaCl; so the mass of the M, 
of Na,CO; makes twice the mass of the M, of 
NaCl; so 106 g Na,CO; makes 2 x 58.5 = 117g 
NaCl; find the mass of NaCl formed from 1 g of 
Na,COs3 by dividing the mass of NaCl by 106; 
this is 117/106 g; find the mass of NaCl formed 
from 5.3 g Na,CO3 by multiplying the fraction by 
5.3 g; this is 5.3 x (117/106) = 5.85 g 


SC9b.4 Equations and masses 
Homework 1 


1 340-204=13.6g 
2 M,HCl=1+ 35.5 = 36.5 
M, NaOH = 23 + 16 + 1 = 40 


HCl reacts with NaOH, so 36.5 g HCI reacts 
with 40g NaOH 


1g HCl reacts with 40/36.5 g NaOH 
7.3g HCl reacts with 7.3 x (40/36.5) = 8g NaOH 
3  M,CaCOz = 40 + 12 + (3 x 16) = 100 
M, CaO = 40 + 16 = 56 
CaCO; makes CaO, so 100 tonnes CaCO, 
makes 56 tonnes CaO 
1 tonne CaCO, makes 56/100 tonnes CaO 
75 tonnes CaCO; makes 75 x (56/100) = 42 
tonnes CaO 
4 a A,Zn=65 
M, ZnCl, = 65 + (2 * 35.5) = 136 
Zn makes ZnClo, so 65g Zn makes 136g 
ZnCl, 
1g Zn makes 136/65 g ZnCl, 


97.5g Zn makes 97.5 x (136/65) = 204g 
ZnCl, 


b M.H,=2x1=2 
Zn makes H2, so 65g Zn makes 2g H, 
1g Zn makes 2/65 g H, 
97.5g Zn makes 97.5 x (2/65) = 3g Hp 


5 volume of solution = 50/1000 = 0.05 dm? 
concentration = 0.6/0.05 = 12g dm 
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Sciences 


SC9b.5 Using equations 
Homework 2 


1 
2 


mass of oxygen = 10.2-5.4=4.8g 
M, H2SOq = (2 x 1) + 32 + (4 x 16) = 98 
M, K,SO, = (2 x 39) + 32 + (4 x 16) = 174 


H,SO, produces K,SO,, so 98 g H»SO, 
produces 174g K,SO, 


1g H,SO, produces 174/98 g K,SO, 
4.9g H,SO, produces 4.9 x (174/98) = 8.7g 
K,SO, 

M. H, = 2% 1=2 

M. HCl = 1 + 35.5 = 36.5 


H, produces 2HCI, so 2 kg H2 produces 
2 x 36.5 = 73 kg HCl 


1 kg H, produces 73/2 kg HCl 
1.5 kg Hz produces 1.5 x (73/2) = 54.75 kg HCl 


M, NaOH = 23 + 16 + 1 =40 


M, Na3PO, = (3 * 23) + 31 + (4 x 16) = 164 
3NaQOH produces Na3PO,, so 3 x 40 = 120g 
NaOH produces 164g Na3PO, 


1g NaOH produces 164/120 g Na,PO, 


6.0g NaOH produces 6.0 x (164/120) = 8.2g 
Na3PO, 


volume of solution = 400/1000 = 0.4 dm? 
concentration = 3.6/0.4 = 9g dm 


volume of solution = 50/1000 = 0.05 dm? 


mass = concentration x volume = 10.5 x 0.05 
=0.525g 


M. SO, = 32 + (2 x 16) = 64 
M, SO3 = 32 + (3 x 16) = 80 


2SO, produces 2SO3, so SO, produces SO3 
and 64 tonnes SO, produces 80 tonnes SO; 


1 tonne SO, produces 80/64 tonnes SO, 


128 tonnes SO, produces 128 x (80/64) 
= 160 tonnes SO, 


M,H,=2* 1=2 

M, NH3 = 14 + (3 * 1) =17 

3H, produces 2NH3, so 3 x 2 = 6 tonnes H, 
produces 2 x 17 = 34 tonnes NH, 

1 tonne H, produces 34/6 tonnes NH; 


18 tonnes H, produces 18 x (34/6) 
= 102 tonnes NH; 
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Answers 


A, Al= 27 
M, AlpOz = (2 x 27) + (3 x 16) = 102 


AAI produces 2AI,03, so 2Al produces Al,O; 
and 2 x 27 = 54g Al produces 102g Al,O3 


1gAl produces 102/54 g Al,O, 
8.1g Al produces 8.1 x (102/54) = 15.3g Al,O3 


M, CoHg = (2 x 12) + (6 x 1) = 30 
M, Op = 2x 16 = 32g 


2C,H, reacts with 70,, so 2 x 30 = 60g C,H, 
reacts with 7 x 32 = 224g O, 


1 kg CzH, reacts with 224/60 g O, 
9 kg CH, reacts with 9 x (224/60) = 33.6 kg Op» 


SC9c Moles ff 
Student Book 


1 a 12g 
b 23g 
2 a 22x 14)=56g 
b 0.1(32 + (2x 16))=6.4g 
3 a  88/(12 + (2 x 16)) =2 
b 3.2/(12 + (4 x 1)) = 0.2 
4 a number moles = 16/(2 x 16) = 0.5 
number molecules 
= 0.5 x (6.02 x 1023) = 3.01 x 1073 
b number moles = 34/17 = 2.0 
number molecules 
= 2 x (6.02 x 1029) = 1.204 x 1024 
5 number of moles of Mg = 2.4/24 = 0.1 


number of moles of O, 
= 2.4/(2 x 16) = 0.075 
2Mg reacts with Oz 


so there is not enough Mg to react with 
0.075 mol Oz, and magnesium is the 
limiting reactant 


2Mg forms 2MgO, so 0.1 mol Mg forms 
0.1 mol MgO 


mass of MgO formed = 0.1(24 + 16) =4g 
6 moles Hz = 15/(2 x 1) = 7.5 

moles Nz = 70/(2 x 14) = 2.5 

mol ratio Hy: N= 3:1 

N, + 3H, = 2NH, 
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Sciences 


Answers 


S1 a_ moles Fe = 5.0/56 = 0.0893 
moles S = 5/32 = 0.156 
Fe is the limiting reactant 


b 0.0893 mol Fe forms 0.0893 mol of FeS 
mass FeS formed = 0.0893(56 + 32) = 78.6g 


E1 number moles Hz = 4/(2 x 1) = 2 


number molecules H, = 2 x (6.02 x 1023) = 
1.204 x 1024 


number moles O, = 16/(2 x 16) = 0.5 


number molecules O, = 0.5 x (6.02 x 1023) = 
3.01 x 1028 


number moles H,O = 18/((2 x 1) + 16) = 1 


number molecules HO = 1 x (6.02 x 1023) = 
6.02 x 1028 


number moles CO, = 22/(12 + (2 x 16) = 0.5 


number molecules CO, = 0.5 x (6.02 x 102) = 
3.01 x 1028 


so 4g of hydrogen contains the most 
molecules 


Exam-style question 
number of moles of water = 90/((2 x 1) + 16) = 5 (1) 


number of molecules = 5 x (6.02 x 102°) 
= 3.01 x 1024 (1) 


Activity and Assessment Pack 


SC9c.1 Reaction between iron and 
copper sulfate solution 
Answers to questions on page 1 


1 a Fe+CuSO, — FeSO, + Cu 


= . 63.5 
b = mass of copper = mass of iron x 56 
c 2Fe+ 3CuSO, — Fe(SO,)3 + 3Cu 
d F fi 3 x 63.5) 
— x 
mass of copper = mass of iron (2 « 56) 


2 possible table 


mass of iron used (g) 
mass of filter paper (g) 


mass of filter paper + 
copper (g) 
mass of copper (g) 


3 mass of copper = (mass of filter paper + 
copper) — mass of filter paper 


4 Masses should show that iron(II) sulfate is 
formed. 


Answers to questions on page 2 

1 Femakes Cu, so 56g of Fe makes 63.5g of Cu 
1g of Fe makes 63.5/56 g of Cu 
yg of Fe makes y x (63.5/56) g of Cu, where y 
is the mass the students used 
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2  2Fe makes 3Cu, so 2 x 56 = 112g of Fe 
makes 3 x 63.5 = 190.5g Cu 


1g of Fe makes 190.5/112 g of Cu 
yg of Fe makes y x (190.5/112) g of Cu 
student’s own results 


4 _ student’s mass: mass of copper = (mass of 
filter paper + copper) — mass of filter paper 


5 The students should find that iron(II) sulfate is 
also formed in this reaction. 


SC9c.2 Moles and equations 
1 a 9/((2x 1) +16) =0.5 

b 9.2/((2 x 12) +(5* 1) +16 + 1)=0.2 
2 a 2.5x(39+127)=415g 

b 0.125 x (40 + 32+ (4x 16))=17g 
3 a 0.5 x (6.02 x 1023) = 3.01 x 1028 
2.0 x (6.02 x 1023) = 1.204 x 1024 


toy 


4 a (1.505 x 1023)/(6.02 x 1028) = 0.25 
b (1.806 x 1024)/(6.02 x 1028) = 3 


5 a_ moles Hy = 9/(2 x 1) =4.5 
molecules H, = 4.5 x (6.02 x 1023) 
= 2.709 x 1074 
b = moles O, = 48/(2 x 16) = 1.5 
molecules O, = 1.5 x (6.02 x 107%) 
= 9.03 x 1025 


6 a moles CH, = (6.02 x 1022)/(6.0 x 1023) 
=0.1 
mass CH, = 0.1(12 + (4 1))=1.6g 
b moles NH = (1.806 x 1025)/(6.0 x 1023) 
= 30 
mass NH; = 30(14 + (3 x 1)) =510g 


7 a moles NaOH = 8.0/(23 + 16 + 1) = 0.2 
moles HCl = 4.38/(1 + 35.5) = 0.12 


1 mol of HCI reacts with 1 mol of NaOH, 
so there is not enough HCI to react with 
0.2 mol NaOH. NaOH is in excess, so HCl 
is the limiting reactant. 


d 0.12 mol HCI makes 0.12 mol NaCl 
mass NaCl = 0.12(23 + 35.5) = 7.02g 


8 a_ mass sodium nitrate = 
11.7 + 34.0 -28.7= 17g 


b mol NaCl = 11.7/(23 + 35.5) = 0.2 
mol AgNO; = 34.0/(108 + 14 + (3 x 16)) = 0.2 
mol AgCl = 28.7/(108 + 35.5) = 0.2 
mol NaNO; = 17.0/(23 + 14 + (3 x 16) = 0.2 
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Sciences 


c 0.2 mol NaCl reacts with 0.2 mol AgNO, to 
form 0.2 mol AgCl and 0.2 mol NaNO, 


so 1 mol NaCl reacts with 1 mol AgNO; to 
form 1 mol AgCl and 1 mol NaNO; 


NaCl + AgNO, — AgCl + NaNO, 


SC9c.3 Limiting reactant 
Strengthen 


a moles Zn = 3.25/65 = 0.05 
b 0.05 mol CuSO, 


c moles CuSO, = 10/(63.5 + 32 + (4 x 16)) 
= 0.0627 

d_ There are not enough moles of Zn to react 
with all the CuSO,, so CuSO, is in excess 
and Zn is the limiting reactant. 

e 1 mol of Zn produces 1 mol of Cu, so 
0.05 mol of Zn produces 0.05 mol Cu. 


mass Cu = 0.05 x 63.5 = 3.175 g 


f |The reaction may not be complete or the 
zinc may not be pure. 


SC9c.4 Moles — Homework 1 


1 


the amount of sodium that contains the 
Avogadro constant/6.02 x 1023 atoms or the 
amount of atoms in 23 g of sodium 

moles H,O = 27/((2 x 1) + 16) = 1.5 

mass NaCl = 0.25(23 + 35.5) = 14.625 g 


molecules SO, = 0.5 x (6.02 x 102°) 
= 3.01 x 108 


moles Ca = (3.01 x 102)/(6.02 x 102) = 0.05 
moles O, = 8/(2 x 16) = 0.25 
molecules = 0.25 x (6.02 x 107%) = 1.505 x 107% 


moles C,H, = (1.204 x 1022)/(6.02 x 107) = 0.02 
mass CH, = 0.02 x ((2 x 12) + (6 x 1))=0.6g 
a1 mol of HNO, reacts with 1 mol of KOH. 


There is not enough KOH to react with 
0.15 mol HNO3, so HNO; is in excess and 
KOH is the limiting reactant. 

b 0.1 mol KOH makes 0.1 mol KNO3 
mass KNO, = 0.1 x (39 + 14 + (3 x 16)) 
=10.1g 


0.05 mol of MgSO, reacts with 0.05 mol of 
BaCl, to form 0.05 mol of BaSO, 


so 1 mol of MgSO, reacts with 1 mol BaCl, to 
form 1 mol of BaSO, 


MgSO, + BaCl, — BaSO, + MgCl, 
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Answers 


SC9c.5 Moles and equations 
Homework 2 


1 


ao 


ao 


o 


96/(2 x 16) = 3 
96/16 = 6 


1.25 x ((2 x 39) + 12 + (3 x 16)) = 172.5g 
0.25 x (40 + (2 x (16 + 1))) = 18.5g 


0.375 x (6.02 x 1023) = 2.2575 x 1028 
2.75 x (6.02 x 1023) = 1.6555 x 1024 


(7.525 x 10?)/(6.02 x 107%) = 0.125 
(1.0535 x 1074)/(6.02 x 102%) = 1.75 
moles Nz = 42/(2 x 14) = 1.5 
molecules N, = 1.5 x (6.02 x 10°) 

= 9.03 x 108 

moles O, = 0.48/(2 x 16) = 0.015 
molecules O, = 0.015 x (6.02 x 1023) 
= 9.03 x 10?! 

moles C3H, = (6.02 x 1075)/(6.0 x 1073) 
= 100 

mass C3Hg = 100((3 x 12) + (8 x 1)) 
= 4400 g/4.4 kg 


moles H,O = (3.01 x 1021)/(6.0 x 1023) 
= 0.005 


mass H,O = 0.005 x ((2 x 1) + 16) 
= 0.09 g 
moles NaOH = 9.8/(23 + 16 + 1) = 0.245 


moles H,SO, = 9.8/((2 x 1) + 32 + (4 x 16)) 
=0.1 


1 mol of H2SO, reacts with 2 mol of NaOH, 
so there is not enough H,SO, to react with 
0.245 mol NaOH. NaOH is in excess, so 
H2SO,j is the limiting reactant. 


0.1 mol H,SO, makes 0.1 mol Na,SO, 
mass Na2SO, = 0.1 x ((2 x 23) + 

32+ (4 16))=14.2g 

mass magnesium nitrate = 
1.9+68-5.74=2.96g 

moles MgCl, = 1.9/(24 + (2 x 35.5)) = 0.02 


moles AgNO; = 6.8/(108 + 14 + (3 x 16)) 
= 0.04 


moles AgCl = 5.74/(108 + 35.5) = 0.04 
moles Mg(NO3)o = 2.96/(24 + (2 x (14 + 
(3 x 16) = 0.02 

0.02 mol MgCl, reacts with 0.04 mol 


AgNO; to form 0.04 mol AgCl and 0.02 
mol Mg(NO3). 


so 1 mol MgCl, reacts with 2 mol AgNO; 
to form 2 mol AgCl and 1 mol Mg(NO3)5 


MgCl, + 2AgNO; — 2AgCI + Mg(NO;), 
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Sciences 


$C10a Electrolysis 
Student Book 


M% : : 
6s 1  a_ electrolysis: electrical energy from 


- 
= a direct current supply decomposes 
electrolytes 


1 / 

one b_ electrode: a rod made of a metal or 

. graphite which carries the current 
into or out of the electrolyte 

M 


7— 2 ions cannot move around in a solid, for 
electrolysis to occur, the ions need to 
move to the electrodes 


7™s 3 negative charge as they migrate to the 


\2 
= positive electrode 
1 / 
e@ 4 a Ch, OH, 80,2 
% 
> 
1/7 
oe 5 afi] reduction, as the lead ions gain 
electrons 
% ¥ - 
we b #] 2Br > Br2 + 2e 


ane 6 J the reaction occurs at the anode, as the 
copper atoms have lost electrons 


$1 electrolyte: an ionic compound that is molten or 


dissolved in water 
anode: the positive electrode 
cathode: the negative electrode 
anion: a negatively charged ion 
cation: a positively charged ion 
$2 Mg?* ions will be attracted to the negative 
electrode/cathode 


OH ions will be attracted to the positive 
electrode/anode 


because opposite charges attract 


E1 [anode reaction: 2Br- > Br, + 2e7; oxidation 
as the bromide ions lose electrons 


Exam-style question 


Solid lithium chloride does not conduct electricity 
as the ions cannot move from one electrode to 
another. (1) 


Molten lithium chloride does conduct electricity as the 
ions can move from one electrode to the other. (1) 


$C10a Core practical 
Electrolysis of copper sulfate 
solution 


1. sulfate and hydroxide ions are attracted to the 
anode during electrolysis, (1) and hydroxide 
ions are more readily discharged than sulfate 
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Answers 


ions, (1) so oxygen is produced (1) as there 
are no copper atoms in the graphite electrode 
to form ions (1) 


2 a_ wear eye protection to prevent copper 
sulfate solution splashing into eyes/no 
naked flames when using propanone as 
it is flammable (1) 


bso that the copper deposited will adhere 
to the cathode (1) 

c the current may vary during the 
experiment and the variable resistor can 
be used to keep the current constant (1) 
to remove the copper sulfate solution (1) 
to help the electrodes to dry more quickly 
as it evaporates quickly (1) 


3 a 
Current (A) | Change in mass | Change in mass 
of anode (g) of cathode (g) 
0.2 -0.08 +0.07 
0.3 -0.13 +0.11 
0.4 -0.17 +0.14 
0.5 -0.21 +0.17 


(2) 
b student graphs: axes with suitable scales 
and labels, including axes of change in 
mass and current, (1) units, (1) points 
correct, (1) best fit straight lines drawn (1) 


cas the current increases, the mass of the 
anode decreases (1) and the mass of the 
cathode increases (1) 


d_ the anode loses mass because copper 
atoms give up electrons to form copper 
ions (1) and the ions dissolve in the 
solution(1) /Cu(s) > Cu?*(aq) + 2e (scores 
both marks) 


the cathode increases in mass because 
copper ions (from the solution) gain 
electrons (1) and form copper metal which 
is deposited on the electrode (1) / Cu2*(aq) 
+ 2e — Cu(s) (scores both marks) 


e as the current increases, the changes in 
mass increase (1) because there will be 
more electrons to react with the atoms or 
ions (1) 

f 0.159 (1) 


g___ the copper doesn’t stick very well to the 
electrode so some may fall off and not be 
included in the mass (1) 


h__ rub the electrode with emery paper to help 
the copper to stick better to the surface (1) 
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Activity and Assessment Pack 


$C10a.1 Electrolysis of copper 
sulfate solution — Core practical 
Answers to questions on page 2 


1. suitable table, such as the one on page 3 


2 Suitable graphs with change in mass of 
electrode on y axis and current on x axis, axes 
labelled, including units, suitable scale, points 
correct and best fit straight line. The graph for 
the anode should show a decrease in mass 
and the graph for the cathode should show an 
increase in mass as the current increases. 


3 anode graph — the decrease in mass is directly 
proportional to the current or as the current 
increases, the decrease in mass increases 
proportionally 


cathode graph — the increase in mass is 
directly proportional to the current or as 
the current increases, the increase in mass 
increases proportionally 


4 anode -copper atoms lose electrons to form 
copper ions; the copper ions dissolve in the 
solution or Cu(s) — Cu?*(aq) + 2e 


cathode — copper ions gain electrons to form 
copper; which sticks to the surface of the 
cathode or Cu?*(aq) + 2e — Cu(s) 


5 student prediction by reading from best fit line 
they drew on their graph 


6 Some of the deposited copper does not stick 
to the cathode so the cathode does not gain as 
much mass as expected or there are impurities 
in the anode and they fall to the bottom of the 
beaker so the anode appears to lose more mass. 


7 Repeat the experiment and take an average of 
the concordant results. 


8 anode — bubbles of a colourless gas, product is 
oxygen 


cathode — covered with a layer of brown metal, 
product is copper 


9 Hydroxide ions from the water are attracted to 
the anode; they lose electrons; to form oxygen 
and water. 


Copper ions are attracted to the cathode; they 
gain two electrons; to form copper. 


10 [J 40H- — O, + 2H.0 + 4e oxidation 
Cu** + 2e — Cu reduction 

Answers to questions on page 3 

1. student’s results 

2 calculations based on student’s results (mass 
at end — mass at start) 
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3 Suitable graphs with change in mass of the 
anode on the y-axis and current on the x-axis; 
axes labelled, including units, suitable scale, 
points correct and best fit straight line. The 
graph should show that the mass of the anode 
decreases as the current increases. 


4 The decrease in mass is directly proportional 
to the current/As the current increases, the 
decrease in mass increases proportionally. 


5 Copper atoms lose electrons to form copper 
ions; the copper ions dissolve in the solution/ 
Cu(s) — Cu?*(aq) + 2e. 


6 __student’s prediction by reading from best fit line 
they drew on their graph 


7 Suitable graph with change in mass of the 
cathode on the y-axis and current on the 
x-axis; axes labelled, including units, suitable 
scale, points correct and best fit straight line. 
The graph should show that the mass of the 
cathode increases as the current increases. 


8 The increase in mass is directly proportional to 
the current/As the current increases, the mass 
increases proportionally. 


9 Copper ions gain electrons to form copper; 
which sticks to the surface of the cathode/ 
Cu?*(aq) + 2e — Cu(s). 


10 Some of the deposited copper does not stick 
to the cathode so the cathode does not gain as 
much mass as expected/There are impurities 
in the anode and they fall to the bottom of the 
beaker so the anode appears to lose more 
mass. 


11 Repeat the experiment and take an average of 
the concordant results. 


$C10a.2 Electrolysis definitions 
An anion is a negatively charged particle. 
The anode is the positive electrode. 

The cathode is the negative electrode. 

A cation is a positively charged particle. 


An electrode is a rod made of a metal or graphite 
that carries the current into or out of the electrolyte. 


Electrolysis is the process in which electrical 
energy, from a direct current supply, decomposes 
electrolytes. 


An electrolyte is an ionic compound that is molten 
or dissolved in water. 


Higher Tier 


A half equation is an ionic equation showing the 
electrons gained or lost in oxidation or reduction 
reactions. 


Oxidation is a reaction in which a substance gains 
oxygen or loses electrons. 
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Answers 


Oxidation occurs at the anode. 


Reduction is a reaction in which a substance loses 
oxygen or gains electrons. 


Reduction occurs at the cathode. 


$C10a.3 Electrolysis — Strengthen 


1 a_ electrodes 
positive 
negative 
negative 
positive 


9 oaondks 


they contain ions; but the ions cannot 
move 


the ions can move 

it decomposes 

when they are dissolved in water 
electrolyte 

Cl-, OF 

Lit, Ca2+, Zn2+ 


oro onadntsT 


$C10a.4 lons and electrolysis 
Homework 1 
1 a any two from: Cl, CO,2°, NO3°, S042" 
b any two from: Al**, Ca2*, H* 
c any two from: CH,, CO., H20, SO, 
d__any two from: Cl-, CO42-, NO*-, SO,2- 
e CaCO; 
f AICI, 
2 a_ the process in which electrical energy from 
a d.c. supply decomposes electrolytes 


b anionic compound that is molten or 
dissolved in water 


c__ the positively charge electrode 
d_ the negatively charged electrode 


the ions cannot move 
(aq) aqueous; dissolved in water 
(I) molten or liquid 


5 With ad.c. the electrons are moving in the 
same direction so one electrode is always 
positive and the other is always negative and 
ions of opposite charges will be attracted 
and react; with an a.c. supply the electrons 
are changing directions so the electrodes 
will alternate between positive and negative 
charges and the ions will not be able to react. 


6 Dichromate ions are orange and have a 
negative charge. 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


$C10a.5 Electrolysis and half 
equations — Homework 2 


1 the ions cannot move 

the negative electrode 

towards the positive electrode 

Pb?*(l) + 2e — Pb(l) 

reduction as each lead ion gains two 
electrons 

2Br (I) — Br,(g) + 2e / 2Br-(l) — 2e > 
Br,(g) 


g oxidation as each bromide ion loses an 
electron 


oaQaa oa ® 


=A 


2 a_ cathode 

Na*(l) + e — Na(l) 

c reduction as each sodium ion gains an 
electron 
anode 

e 2CI(l) — ChL(g) + 2e/ 2CI(l) — 2e s 
Cl,(g) 

f oxidation as each chloride ion loses an 


electron 

3 a i iodine 
ii potassium 
b 2KI— 2K+I, 


Extra challenge 


4 a  202(l) + 0,(g) + 4e / 202-(I) —4e > 
0,(g) 
Al3*(I) + 3e = All) 
c 2AI,0, > 4Al + 30, 


SC10b Products from 
electrolysis 


Student Book 


w% : . 
s*y 1 anode: chlorine; cathode: sodium 
Cas? 


at 2 i the cathode reaction is reduction as 

the lead ions gain electrons; the anode 
reaction is oxidation as the bromide ions 
lose electrons 


L/S : 
is 3. the solution becomes paler blue/ 
colourless 
iF . : 
is 4 hydrogen ions are discharged more 


readily than sodium ions 


s*s 5 a sodium sulfate solution 
ions present: Na*, SO,2-, H*, OH- 


Cathode: Na*(aq) and H*(aq) 
ions are attracted. Hydrogen ions 
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Answers 


are discharged more readily than 
sodium ions, so hydrogen gas is 
formed. 


Anode: SO,?-(aq) and OH~(aq) ions 
are attracted. Hydroxide ions are 
discharged more readily than sulfate 
ions, So oxygen gas is formed. 


overall: water decomposes to form 
hydrogen and oxygen: 
2H,0(!) > 2H2(g) + O.(g) 


ane b acidified water 
ions present: SO,2-, H*, OH™ 


Cathode: H*(aq) ions are attracted. 
Hydrogen ions are discharged and 
hydrogen gas is formed. 


Anode: SO,?-(aq) and OH~(aq) ions 
are attracted. Hydroxide ions are 
discharged more readily than sulfate 
ions, So oxygen gas is formed. 


overall: water decomposes to form 
hydrogen and oxygen: 
2H,0(!) > 2H2(g) + O2(9) 


t / 
8 6 The formula for water is H,O so it 


a : ‘ 
contains twice as many hydrogen atoms 
as oxygen atoms. Or 4 electrons are 
needed to produce 1 molecule of oxygen 
and 4 electrons will produce 2 molecules 
of hydrogen. 


& 
ars 7 J 2H* + 2e- > Ha, reduction as electrons 
are gained 


4OH > O, + 2H,0 + 4e”, oxidation as 
electrons are lost 


$1 an explanation to include: zinc ions are 
positive/Zn?*; they are attracted to the cathode/ 
negative electrode; they gain two electrons; to 
form zinc; chloride ions are negative/CI; they 
are attracted to the anode/positive electrode; 
they lose an electron; and form chlorine gas 


$2 an answer to include: magnesium ions 
are positive/Mg?*; they are attracted to 
the cathode/negative electrode; and form 
magnesium; bromide ions are negative/ 
Br’; they are attracted to the anode/positive 
electrode; and form bromine gas 


E1 an explanation to include: ions present Na’, 
Cl (from sodium chloride) and H*, OH™ 
(from water); Na* and H* ions are attracted 
to the cathode/negative electrode; H* ions 
are discharged more readily than Na* ions; 
they gain electrons to form hydrogen/2H* + 
2e° > H,; Cl’ and OH ions are attracted to 
the anode/positive electrode; Cl ions are 
discharged more readily than OH" ions; they 
lose electrons to form chlorine/2CI- > Cl, + 2e7 
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Exam-style question 


use molten sodium chloride instead of sodium 
chloride solution (1) 


Activity and Assessment Pack 


S$C10b.1 Electrolysis of some 
solutions 

Answers to questions on page 1 

1 results in a table — similar to the table on page 4 


2/3 Either hydrogen or copper is produced at the 
cathode. If the solution contains a metal that is 
higher than hydrogen in the reactivity series, 
hydrogen is formed. If the metal is lower than 
hydrogen, that metal is formed. 


Either oxygen or chlorine is produced at 

the anode. If the solution is a chloride, then 
chlorine is formed. If the solution is a sulfate, 
oxygen is formed. 


4 [Copper chloride solution: 
Cu?*(aq) + 2e — Cu(s) reduction 
2CI-(aq) — Cl.(g) + 2e oxidation 
Sodium chloride solution: 
2H*(aq) + 2e — H,(g) reduction 
2Cl-(aq) — Cl,(g) + 2e oxidation 
Sodium sulfate solution: 
2H*(aq) + 2e — H,(g) reduction 
40H (aq) O.2(g) + 2H,O(I) + 4e oxidation 
Acidified water: 
2H*(aq) + 2e — H,(g) reduction 
40H -(aq)— O,(g) + 2H2O0(I) + 4e oxidation 
Answers to questions on page 2 
1. student’s results 


2 a_ moist blue litmus paper turns red then 
white 
a lighted splint goes out with a pop 
c  aglowing splint relights 


3 
Salt Product at | Product at | Solution 
solution | cathode anode remaining 
copper copper chlorine water 
chloride 
sodium hydrogen chlorine sodium 
chloride hydroxide 
sodium hydrogen oxygen sodium 
sulfate sulfate 
acidified hydrogen oxygen sulfuric 
water acid 
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Sciences 


Answers 


Either copper or hydrogen is produced. 


If the solution contains a metal that is higher 
than hydrogen in the reactivity series, 
hydrogen is formed. If the metal is lower than 
hydrogen, that metal is formed. 


Either chlorine or oxygen is formed. 


If the solution is a chloride, then chlorine is 
formed. If the solution is a sulfate, oxygen is 
formed. 


8 copper chloride — copper + chlorine 


sodium chloride + water — hydrogen + 
chlorine + sodium hydroxide 


water — hydrogen + oxygen (note only the 
water decomposes) 


water — hydrogen + oxygen 


SC10b.2 Examples of electrolysis 
1 unreactive 


2 a_ bromine 
b potassium 


H* and OH- 


a They each gain two electrons. 


b ‘They each lose an electron to form an 
atom, then two atoms join together to form 
a molecule. 


c CuCl,(aq) — Cu(s) + Cl,(g) 
5 a_ hydrogen ions gain electrons more easily 
than sodium ions 
b sodium hydroxide solution 
6 a_ cathode — hydrogen; anode — chlorine 
b potassium hydroxide solution 
7Hla = Cu*, SO,2-, H* and OH-. 
fi b_ brown solid deposited 
fc Cu?*(aq) + 2e — Cu(s) reduction 
fl d_ effervescence 
fe 4OH-(aq)— O,(g) + 2H,O(I) + 4e oxidation 
Hf H,SO, 


$C10b.3 Electrolysis of salts 
Strengthen 


1 a unreactive 


b cathode 

c they gain two electrons 

d= anode 

e they lose an electron to form an atom then 


two atoms join together 
2 a_ there are water molecules in the solution 
and some of them split up to form ions 
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they lose an electron to form an atom then 
two atoms join together 


it turns damp blue litmus paper red then 
white 


hydrogen ions gain electrons more easily 
than sodium ions 


they gain an electron to form an atom then 
two atoms join together 


sodium hydroxide, NaOH 


use molten sodium chloride or any other 
molten sodium salt 


$C10b.4 Electrolysis summary 
Homework 1 


1 


a 
b 


a 


oreo aa 


oro oaa 


d 


zinc 
bromine 
positive electrode labelled as anode 


negative electrode labelled as cathode 


arrows drawn from Cu?* and H* towards 
the negative electrode 


arrows drawn from Cl’ and OH™ towards 
the positive electrode 


copper 
chlorine 


hydrogen/H, 

H* ions gain electrons to form atoms 
then pairs of atoms join together to form 
molecules. 

oxygen/O, 

2H,0(1) + 2H,(g) + O2(9) 

sulfuric acid 


aqueous copper sulfate 


copper atoms lose two electrons each; to 
form copper ions; the ions dissolve in the 
solution; the impurities do not form ions; 
they fall to the bottom of the beaker; and 
form an anode sludge 


copper ions gain two electrons each; to 
form copper atoms; which stick to the 
cathode 


no change 


$C10b.5 Electrolysis and 
equations — Homework 2 


1 


3 


Hydrogen ions gain electrons more easily than 
sodium ions. 


hydroxide ions, from the water, lose electrons 
to form oxygen and water 


a 
b 
c 


oxygen 
hydrogen 
magnesium sulfate 
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Sciences 


anode — oxygen; cathode — copper 


anode — copper dissolves; (cathode — 
copper still formed); (Solution stays the 
same) 


5 anode — chlorine formed, chloride ions lose 
electrons to form atoms, pairs of atoms join 
together to form molecules/2CI-(aq) — Cl.(g) 


cathode — hydrogen formed, hydrogen ions 
gain electrons to form atoms, pairs of atoms 
join together to form molecules/2H*(aq) + 


2e — H,(g) 
6Ha Al*+3e—Al 
Hb 2Cl—Cl,+2e 
lc 40OH— O,+2H,0 +4e 
7 a__reduction as the aluminium ions have 
gained electrons 
i bandc 


oxidation as the chloride and hydroxide 
ions have lost electrons 
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Answers 


Extra challenge 


8a 


Hi) 


10 


anode: 2ClI-(aq) — Cl,(g) + 2e 

cathode: 2H+(aq) + 2e — H,(g) 

product left in solution: NaOH 

anode: 40H (aq)— O,(g) + 2H,O(I) + 4e 
cathode: 2H+(aq) + 2e — H,(g) 

product left in solution: HxSO, 

anode: 40H ~(aq)— O,(g) + 2H,O(I) + 4e 
cathode: Cu2*(aq) + 2e — Cu(s) 
product left in solution: H,SO, 

2CuSO, + 2H,0 — 2Cu + O, + 2H,SO, 
Cu(s) — Cu?*(aq) + 2e 
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Sciences 


Answers 


S$C11a Reactivity 
Student Book 
6s 1 copper, silver or gold, allow platinum 


7™— 2 calcium + water > calcium hydroxide + 
hydrogen 


wis 3  Ma(s) + 2HCl(aq) » MgCl,(aq) + H2(9) 


ss 4 magnesium + copper sulfate > 


Cas? 
- magnesium sulfate + copper 
M 
m8 5 Mg+ZnCl, > MgCl, + Zn 


So 6 J] Magnesium atoms are oxidised as 
they have lost electrons; zinc ions 
are reduced as they have gained 
electrons. 


$1 Adescription including: place a piece of 
magnesium in separate solutions of tin 
nitrate, chromium nitrate and copper nitrate; 
repeat by adding the other three metals 
to the other metal nitrate solutions; do not 
add a metal to its own nitrate solution; 
observe the mixtures to see if a reaction has 
occurred; if there is a reaction, the metal 
added is more reactive than the metal in the 
nitrate solution; if there is no reaction, the 
metal in the nitrate solution is more reactive 
than the metal added. 


E1 ali]Mg + 2H* > Mg?* + H, 
Mg + Zn2* — Mg?* + Zn 


b The magnesium atoms in both reactions 
are oxidised as they have lost electrons 
to form magnesium ions; the hydrogen 
ions in the first reaction are reduced 
to hydrogen gas as they have gained 
electrons; the zinc ions in the second 
reaction are reduced to zinc atoms as 
they have gained electrons. 


Exam-style question 
order of increasing reactivity: Z, X, Y (1) 
X displaces Z so X is more reactive than Z (1) 


X does not displace Y so Y is more reactive 
than X (1) 


Activity and Assessment Pack 


$C11a.1 Displacement reactions 
Answers to questions on page 1 


1. A suitable table such as the one shown above. 
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2 Results presented to show reactions, for 


example: 


Solution 


Magnesium 


lron 
Zinc 


copper sulfate 


iron sulfate 


x lxlx Copper 


x |NIN 


magnesium 
sulfate 


zinc sulfate x 


x) xX |XISN 
x) xX INES 


Vv 


3. a magnesium, zinc, iron, copper 


b  Anexplanation to include: magnesium 
is the most reactive as it reacted with all 
the other metal sulfate solutions/had the 
most ticks; zinc reacted with iron sulfate 
and copper sulfate so is more reactive 
than iron and copper; iron only reacted 
with copper sulfate so is more reactive 
than copper; copper did not react with any 
of the other metal sulfates so is the least 
reactive. 


4 Equations can be in any order. 


Mg + CuSO, — MgSO, + Cu 

Mg + FeSO, — MgSO, + Fe 

Mg + ZnSO, — MgSO, + Zn 

Zn + CuSO, — ZnSO, + Cu 

Zn + FeSO, — ZnSO, + Fe 

Fe + CuSO, — FeSO, + Cu 
5 Hl Mg + Cu2* — Mg?* + Cu 

Mg + Fe#* — Mg?* + Fe 

Mg + Zn?* — Mg?* + Zn 

Zn + Cut* — Zn** + Cu 

Zn + Fe** — Zn?* + Fe 

Fe + Cu** — Fe** + Cu 


6 In the first three equations above, magnesium 
atoms have been oxidised as they have lost 
(two) electrons; Cu2*, Fe2* and Zn?* ions have 
been reduced as they have gained electrons. 


In the next two equations, zinc atoms 
have been oxidised as they have lost (two) 
electrons; Cu2* and Fe?* ions have been 
reduced as they have gained electrons. 


In the last equation, iron atoms have been 
oxidised as they have lost (two) electrons and 
Cu?* ions have been reduced as they have 
gained electrons. 
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Sciences 


Answers to questions on page 2 


1 
Solution £ 
J 
re ” 
(cb) cob) 
= (= 5 =] 
© f= 
o lf |= In 
copper sulfate x J J A 
iron sulfate x x J J 
magnesium x x x x 
sulfate 
zinc sulfate x x J x 


2 a magnesium, zinc, iron, copper 


b Anexplanation to include: magnesium 
is the most reactive as it reacted with all 
the other metal sulfate solutions/had the 
most ticks; zinc reacted with iron sulfate 
and copper sulfate so is more reactive 
than iron and copper; iron only reacted 
with copper sulfate so is more reactive 
than copper; copper did not react with any 
of the other metal sulfates so is the least 
reactive. 


3 Equations can be in any order. 


magnesium + copper sulfate —- magnesium 
sulfate + copper 


magnesium + iron sulfate — magnesium 
sulfate + iron 


magnesium + zinc sulfate — magnesium 
sulfate + zinc 


zinc + copper sulfate — zinc sulfate + copper 

zinc + iron sulfate — zinc sulfate + iron 

iron + copper sulfate — iron sulfate + copper 
4 Equations can be in any order. 

Mg + CuSO, — MgSO, + Cu 

Mg + FeSO, — MgSO, + Fe 

Mg + ZnSO, — MgSO, + Zn 

Zn + CuSO, — ZnSO, + Cu 

Zn + FeSO, — ZnSO, + Fe 

Fe + CuSO, — FeSO, + Cu 


$C11a.2 Reactions of metals 
1. a_ sodium + water — sodium hydroxide + 
hydrogen 
b= zinc + sulfuric acid — zinc sulfate + 
hydrogen 
2 a 2K+2H,0 — 2KOH+H, 
b Mg +2HCI — MgCl, + He 
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Answers 
3 a Cu(NOs;). 
b (aq) 
4 a noreaction 
b Mg + CuO — MgO + Cu 
c noreaction 
d Ca+MgSO, — CaSO, + Mg 
e no reaction 
f Zn+2AgNO, — Zn(NO,), + 2Ag 
g Mg +2AgNO3 — Mg(NOs), + 2Ag 
h CuSO, + 2Ag 
5 a Mg +Cu?* — Cu + Mg?* 
b Mg — Mg** + 2e/Mg — 2e > Mg?* 


Cu2* + 2e —Cu 


c Magnesium atoms have been oxidised as 
they have lost (two) electrons; copper ions 
have been reduced as they have gained 
(two) electrons. 


$C11a.3 The reactivity series 
Strengthen 
1. a_ calcium + water — calcium hydroxide + 
hydrogen 
b = zinc + hydrochloric acid — zinc chloride + 
hydrogen 
2 a  2Na+2H,0 — 2NaOH + H, 
b Mg+t+H SO, — MgSO, + He 
3. Adescription to include: add a piece of zinc 
to some copper sulfate solution in a test tube/ 
beaker; leave it for a few minutes; observe the 
tube/beaker for any changes; a pink/brown 
coating of copper forms on the zinc; the solution 


gets paler blue; zinc + copper sulfate — zinc 
sulfate + copper. 


4 |t loses two electrons. 


$C11a.4 Reactivity of metals 
Homework 1 


1 Adescription to include: effervescence/fizzing, 
floats, moves around, melts/turns to a silver 
ball, disappears. 


2 a_ potassium + water — potassium hydroxide + 


hydrogen 
b_ iron + sulfuric acid — iron sulfate + 
hydrogen 
3 a  Ca+2H,0 — Ca(OH), + Hy 
b Zn+2HCl — ZnCl, + Hp 
4 a MgCl, 
b (aq) 
c__ the blue solution will become paler/ 


colourless; pink/brown copper will form 
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Sciences 


Answers 
pa Cabnke SC11b Ores 
b no reaction 
¢ ZnO+Fe Student Book 
1 / 
d ZnSO, + Cu 3 1 copper carbonate > copper oxide + 
e MgCl, +Zn carbon oxide 
f ZnCl,+Cu copper oxide + carbon > copper + 
g noreaction carbon dioxide 
1 / 
6 a_ ltloses an electron. 3 2 Carbon is more reactive than copper 
b anion with one or more positive charge and will displace copper from copper 
‘ : ; oxide. 
c Sodium atoms form cations more readily 
: on 98 ee % 
as the higher the metal is in the reactivity 5*¢ 3 two from: potassium, sodium, calcium, 
series, the more readily it forms ions. i magnesium, aluminium 
% 
S$C11a.5 Metals and equations mie 4 a 22n0+C > 22n + CO, 
Homework 2 are b an explanation including: a lot 
14 a J,M,KL = . tie would = ease to 
; eep the zinc oxide molten; a 
b J displaced all of the other metals from large amount of electricity would 
their oxides; M displaced K and L but not a 
+t diedlaced | bubhck kor Meena did be needed for the electrolysis; 
: ero nee pe ft : electrolysis is more expensive than 
not displace any of the other metals. heating zinc oxide with carbon 
2 a Ca+2H,0 — Ca(OH), +H Y 
b Zn+ sic os 7 fe : 3 5 i It takes time for the bacteria to 
a a decompose the ore in bioleaching; 
3 a Ca+FeO—Ca0+Fe it takes time for the plants to grow in 
b no reaction phytomining. 
1 / 
c Zn+FeO— ZnO +Fe gee 8 Cu*(aq) + Fe(s) > Cu(s) + Fe**(aq) 
a. 2A 2OU ene Cu $1 Carbon is more reactive than iron so will 
e Mg + 2AgNO, — Mg(NOs), + 2Ag displace iron from iron oxide; aluminium is 
f noreaction more reactive than carbon so carbon will not 
4 itl t lect displace aluminium from aluminium oxide; 
a ser Ie ona electrolysis is a more powerful method of 
b Calcium atoms form cations more readily extraction. 


as the higher the metal is in the reactivity 
series, the more readily it forms ions. 


Extra challenge 


E1ffan answer to include some of the following: 


mining ruins the landscape but the biological 
processes do not; heating the copper ore 
produces sulfur dioxide, which is a toxic gas, 


5 a Zn+ Cu — Zn** + Cu but this is not formed using the biological 
b anion that does not change during a processes; using the biological processes 
reaction conserves the supply of higher grade ores; 
ec Zn— Zn2* + 2e/Zn—2e — Zn2* both biological processes will be slower than 
Curt +2 Cc the traditional method of extracting copper 
u en as it takes time for the bacteria to break 
d_ Zinc atoms have been oxidised as they down the copper ore and for the plants to 
have lost (two) electrons; copper ions grow; bioleaching does not need the high 
have been reduced as they have gained temperatures needed in the other processes 
(two) electrons. but it does produce sulfuric acid, which 
6 a Al+Fe— At+Fe can leach ey ee ee to the | 
" . environment/wildlife; phytomining is currently 
b Al — AlM + 3e/Al — 3e — Al more expensive than mining due to the cost 
Fe* + 3e — Fe of growing and harvesting the plants; growing 
c Aluminium atoms have been oxidised plants is dependent on the weather and ina 


as they have lost electrons; iron ions 
have been reduced as they have gained 
electrons. 
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poor season the crops may fail; phytomining 
produces poor quality copper that needs 
further processing; students may include other 
relevant points 


Edexcel GCSE (9-1) 


Sciences 


Answers 


Exam-style question 


electrolysis (1) of molten sodium chloride (1) 


Electrolysis is needed to extract aluminium so 
will also be needed to extract a more reactive 
metal like sodium/sodium is more reactive than 
aluminium and carbon is not reactive enough to 
displace aluminium from aluminium oxide so will 
not displace sodium from sodium chloride. (1) 


Activity and Assessment Pack 


$C11b.1 Extracting metals from 
their oxides 

Answers to questions on page 1 

1 expected results — copper and lead are 


formed, aluminium and magnesium are not 
formed 


2 The results should agree with predictions as 
the metals that are formed are less reactive 
than carbon. 


3 2Cu0+C — 2Cu + CO,/CuO0 + C — Cu+CO 
2PbO + C — 2Pb + CO,/PbO + C — Pb +CO 
4 Itis often difficult to tell if a metal has been 


formed as it is coated with black charcoal 
powder. 


5 Tip the mixture into a beaker of water; the 
charcoal should float on the top and the 
particles of metal are more dense so they 
should sink to the bottom. 


Answers to questions on page 2 


1 
Metal oxide | Observations | Was metal 
formed? 

copper oxide | brown powder yes 
aluminium black powder no 
oxide 

lead oxide grey solid yes 
magnesium black powder no 
oxide 


2 copper oxide + carbon — copper + carbon 
dioxide/copper oxide + carbon — copper + 
carbon monoxide 


lead oxide + carbon — lead + carbon dioxide/ 
lead oxide + carbon — lead + carbon monoxide 


3 2Cu0+C — 2Cu + CO,/CuO0 + C — Cu+ CO 
2PbO + C — 2Pb + CO,/PbO + C — Pb + CO 


4 The metals that were formed are lower than 
carbon in the reactivity series. 


5 It is often difficult to tell if a metal has been 
formed as it is coated with black charcoal 
powder. 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


6 ‘Tip the mixture into a beaker of water; the 
charcoal should float on the top and the 
particles of metal are more dense so sink 
to the bottom. 


$C11b.2 Extraction of aluminium 


1 a anodes 
b cathode 

2 ~The melting point of aluminium oxide is very 
high and a lot of energy is needed to melt it 
and keep it molten; less energy is used when 


aluminium oxide is dissolved in molten cryolite 
at 900 °C. 


3. cathode/negative electrode 


4 a Cc + O, aa CO, 
b_ the carbon/graphite burns away as carbon 
dioxide 
5 202 — O, + 4e oxidation 


Als* + 3e — Al reduction 


$C11b.3 Metal extraction Strengthen 


1. arock that contains enough of a compound 
to extract a metal for profit 


gold, silver 


a__ electrolysis 
b heating with carbon 


4 Aluminium is more reactive than carbon so it 
forms a stronger bond with oxygen than carbon 
forms with oxygen. 


5 Electrolysis of molten iron oxide requires more 
energy to keep the salt molten and for the 
electrolysis than heating with carbon so it is a 
more expensive method of extraction. 


6 a_ zinc oxide + carbon — zinc + carbon 
dioxide/monoxide 


b 2Zn0+C — 2Zn+CO,/ZnO + C — 
Zn +CO 


$C11b.4 Extracting metals 
Homework 1 


1 copper is more reactive than gold/gold is less 
reactive than copper 


2 a_ arock that contains enough of a 
compound to extract a metal for profit 


b tin oxide + carbon — tin + carbon dioxide/ 
monoxide 


c_ Electrolysis of molten tin oxide would 
require more energy to keep the tin 
oxide molten and for the electrolysis 
than heating with carbon so it is a more 
expensive method of extraction. 
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Sciences 


Answers 


3. a_ liquid 
b ~ carbon/graphite 
c calcium 
d__ chlorine 
e Calcium is more reactive than carbon so 


it forms a stronger bond with oxygen than 
carbon forms with oxygen. 


4 a 2Cu0+C— 2Cut+ CO, 


b Bubble it through limewater; the limewater 
turns milky/cloudy if carbon dioxide is 
produced. 


c The mass will decrease because carbon 
dioxide is a gas and it escapes from the 
test tube. 


S$C11b.5 Metals — Homework 2 


1. Gold and silver are unreactive so do not react 
with the air or water around them/other metals 
are more reactive so they do react with air, 
water or other substances around them to form 
compounds. 


2 a_ heating them with carbon/charcoal 


b Atleast one advantage and one 
disadvantage given for each of 
phytoextraction and bioleaching, ideally 
followed by some sort of conclusion. 


Phytoextraction 


e — Advantages: no harmful gases produced, 
less damage to the landscapes than mining, 
conserves supplies of high-grade ores, can 
extract metals from contaminated soil. 


e Disadvantages: very slow, expensive, 
growth of plants dependent on weather. 


Bioleaching 


e — Advantages: no harmful gases produced, 
less damage to the landscapes than 
mining, conserves supplies of high-grade 
ores, does not require high temperatures. 


e Disadvantages: very slow, toxic 
substances/sulfuric acid can be produced 
that damage the environment. 


Possible conclusions: 


Phytoextraction is the better method because 
it will enhance the environment with new trees 
and provide new habitats. Bioleaching may 
damage the environment further. 

Bioleaching is the better method because it can 
be done on a small scale and does not involve 
complex and expensive planting and harvesting 
of trees. 


3 a  2Fe,0; + 3C — 4Fe + 3CO, 


b Iron is less reactive than carbon so carbon 
displaces iron from iron oxide. 
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c Heating and hammering iron while it is still 
solid makes it much harder than bronze; 
iron ores are also much easier to find 
than tin. 


4 Reactive metals can only be extracted by 
electrolysis of their molten ores; electricity was 
not available until the end of the 18th century. 


Extra challenge 


5 a 2Ch— Cl, + 2e/2Cl - 2e — Cl, oxidation 
as the chloride ions lose electrons 
b Ca?* +2e — Ca reduction as calcium ions 
gain electrons 


c CaCl, — Ca+Cl, 


SC11c Oxidation and reduction 
Student Book 


L/ 


me ] 
oe 1 loss of oxygen/gain of electrons 


1 / 
one 2 carbon has been oxidised as it has 


Yeu? 
gained oxygen/lost electrons; zinc oxide 
has been reduced as it has lost oxygen/ 
gained electrons 

L/ 

gee 3 all] anode 2CI > Cl, + 2e° 

cathode Na* + e > Na 
to b The reaction at the anode is 


oxidation as the chloride ions have 
lost electrons. The reaction at the 
cathode is reduction as the sodium 
ions have gained electrons. 


ae 4 lron rusted on Mars so there must have 
been some oxygen and water present. 
Iron did not rust on the Moon so there 
was no oxygen present. 


$1 a_ Hydrogen has been oxidised as it has 
gained oxygen. 


b Copper oxide has been reduced as it has 
lost oxygen. 


$2 Increasing reactivity: A>C >B 


The more reactive metals corrode faster than 
the less reactive metals; metal B corroded 
the most so must be the most reactive. Metal 
A did not corrode at all, so must be the least 
reactive. 


E1 aliJThis reaction takes place at the cathode as 
it is negatively charged. 


b_ This is reduction, as the magnesium ions 
have gained electrons. 


Exam-style question 
Carbon is oxidised (1) as it gains oxygen. (1) 
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Activity and Assessment Pack 


$C11c.1 Oxidation and reduction 
reactions 
Answers to questions on page 1 


1 Student’s results recorded in a table or list — 
see below for example. 


2 =a 


iron + oxygen — iron oxide 
copper + oxygen — copper oxide 


magnesium + oxygen — magnesium oxide 
2Fe + O, — 2FeO/4Fe + 30, — 2Fe,0, 
2Cu + O, — 2CuO 

2Mg + O, — 2MgO 

lron, copper and magnesium have been 
oxidised as they have gained oxygen. 


The higher the metal in the reactivity 
series, the more vigorous the reaction 
with oxygen. 


zinc + copper oxide — zinc oxide + copper 
Zn + CuO — ZnO + Cu 


Zinc has been oxidised as it has gained 
oxygen; copper oxide has been reduced 
as it has lost oxygen. 


Answers to questions on page 2 


1 
Reaction Observations 
iron and oxygen | sparks, glows red, black 
solid left 
copper and black coating 
oxygen 
magnesium and | bright white flame, white 
oxygen powder/ash left 
zinc and copper brown powder 
oxide 
2 a_ iron + oxygen — iron oxide 
copper + oxygen — copper oxide 
magnesium + oxygen — magnesium oxide 

b 2Fe+O, — 2FeO/4Fe + 30, — 2Fe,03 
2Cu + On — 2CuO 
2Mg + O, — 2MgO 

c_ lron, copper and magnesium have been 
oxidised as they have gained oxygen. 

d_ The higher the metal in the reactivity 
series, the more vigorous the reaction 
with oxygen. 

3. a_ zinc + copper oxide — zinc oxide + copper 
Zn + CuO — ZnO + Cu 
c Zinc has been oxidised as it has gained 


oxygen; copper oxide has been reduced 
as it has lost oxygen. 
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Answers 


SC11c.2 Redox reactions 


1 


9 


sa ~@om7 aQa.0 8 


3a 


reduced as it loses oxygen 

oxidised as it gains oxygen 

reduced as it loses oxygen 

reduced as it loses oxygen 

reduced as it loses oxygen 

oxidised as it gains oxygen 

reduced as it loses oxygen 

reduced as it loses oxygen 

oxidised as it gains oxygen 

oxidised as it gains oxygen 

lead oxide + carbon — lead + carbon 
dioxide 

2PbO + C — 2Pb + CO, 

carbon/C has been oxidised as it has 
gained oxygen 

lead oxide/PbO has been reduced as it 
has lost oxygen 


oxidation as the chloride ions have lost 
electrons 


the anode as oxidation always takes place 
at the anode 


$C11c.3 Oxidation and reduction 


Strengthen 
1 a = magnesium 

b_ It has gained oxygen. 
2 a_ copper oxide 

b It has lost oxygen. 

3. a_ zinc + lead oxide — lead + zinc oxide 

b Zn+PbO-—- Pb+ ZnO 

ce zinc/Zn as it has gained oxygen 

d__lead oxide/PbO as it has lost oxygen 

4 a - rusting 

b The coating of paint prevents air and 
water reaching the surface of the iron. 

c oxidation as the metal gains oxygen 

d_ The higher the metal in the reactivity 
series, the more quickly the metal 
corrodes. 

e It is coated with a layer of aluminium oxide 
that prevents air and water from reaching 
the aluminium. 

f Gold does not corrode. 


SC11c.4 Redox reactions and 
equations — Homework 1 


1 a 
b 


...it gains oxygen. 
...it loses oxygen. 
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Sciences 


Answers 


2 a carbon dioxide SC11d Life cycle assessment 
ee and recycling 
copper oxide + carbon — copper + carbon 
dioxide Student Book 
ae . & 
q sed PREG TERUG EAE SoS OP ee ay 1. taking waste metal and changing it into a 
eee te ; useful item 
e Carbon dioxide is a gas; it escapes from i 
test tube X; so the mass decreases. oe 2 advantages: conserves reserves of 
3 Magnesium corrodes faster; magnesium is Haase iad egy ae d 
more reactive than iron; the more reactive a ea la Be o aa wee r 
metal is, the faster it corrodes. Dee RO aey De emceere a ene 
dioxide; may need less energy to recycle; 
4 The coating of zinc prevents air and water less metal disposed of in landfill sites 
reaching the iron. disadvantages: may be more expensive; 
: may take more energy 
S$C11c.5 Redox reactions and half m 
equations — Homework 2 4°§ 3. obtaining and processing raw materials; 
manufacture and packaging of product; 
1 a  Fe,03 + 3C — 2Fe + 3CO using the product; disposing of the 
b iron oxide as it has lost oxygen product 
; : 7 
¢ carbon as it has gained oxygen sg 4 any two from: helps to decide whether it 
2 a 2Al+3ZnO —Al,O, + 3Zn is worthwhile manufacturing the product; 
b zinc oxide as it has lost oxygen helps to compare the use of different 
jieaic it h _— materials for the same product; helps 
enn ls hide daliee oxygen to reduce the environmental impact of 
3. a_ oxidation as copper atoms lose electrons a product; can identify what needs to 
b reduction as oxygen molecules gain be improved in the manitscils and 
slectrons disposal of the product; or any other 
. : ; sensible suggestions 
c reduction as chlorine molecules gain 
electrons $1 a_ some of the following stages: the 
d__ oxidation as zinc atoms lose electrons aluminium saucepan is collected from the 
idati : tI) i | inet bin; it is transported to a recycling plant; 
e — oxidation as iron(Il) ions lose electrons it is sorted to separate all the aluminium 
4 a 2Cl—Cl,+2e from other metals; it is washed; it is heated 
b Nat+e—Na to a ae ae into a san se ' 
: . metal solidifies; it is transported to a drinks 
c reaction at the anode (a) as the chloride manufacturer: it is remelted: and it is 
ions lose electrons formed inte cane 
5 2Br > Br, + 2e/2Br- — 2e — Br, 


Pb2* + 2e — Pb 


c reaction at the cathode (b) as lead ions 
gain electrons 


Extra challenge 


6 


a Cut 2Ag*t — Cu* + 2Ag 
b Cu-— Cu?* + 2e/Cu-—2e — Cu2* 
2Ag* + 2e — 2Ag 


c Copper atoms have been oxidised as they 
have lost electrons; silver ions have been 
reduced as they have gained electrons. 


a Cu?* + 2e — Cu as copper ions have 
gained electrons 

b 40H -— O, + 2H,O + 4e at the anode 
Cu2* + 2e — Cu at the cathode 

c 2Cu2* + 40H — 2Cu + O, + 2H,0 
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b advantages: conserves reserves of bauxite/ 
aluminium ore; reduction in mining; less 
damage to the landscape; less dust and 
noise pollution; may need less energy to 
recycle; less metal disposed of in landfill 
sites 


disadvantages: may be more expensive; 
energy is needed to transport metal and to 
sort, wash, melt it, etc. 


E1 answer to include some points from: 


raw materials: bauxite — needs mining, needs 
processing to make aluminium oxide, a lot 

of waste is produced — 3.6 kg for each kg of 
aluminium produced; carbon — for anodes that 
need to be replaced frequently; cryolite — to 
dissolve aluminium oxide for electrolysis 


manufacture of aluminium: needs a high 
temperature to keep the electrolyte molten; 
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Sciences 


Answers 


needs a large amount of electricity for 
electrolysis; needs a large amount of electricity 
to change aluminium into the final product 


e use of product: transporting the aluminium 
to the manufacturer uses energy; energy 
and materials used in producing possible 
packaging; energy used in transporting product 
to warehouse/shop, etc. 


e — disposal: product could be thrown away and 
sent to landfill; product could be recycled; 
recycling uses considerably less energy than 
making aluminium from bauxite; packaging 
could be thrown away and sent to landfill or 
recycled 


e — other factors: do not know how much pollution 
is produced from extracting aluminium from 
bauxite or from recycling; do not know if the 
energy is just from electrolysis and recycling 
or whether the energy for transport etc. is 
included; any other sensible suggestions 


Exam-style question 


any two from: conserves the supplies of ores; 
reduces waste material from the extraction process; 
less damage to landscape; reduces metal sent to 
landfill; less energy used in recycling 


Activity and Assessment Pack 
S$C11d.1 Recycling metals 


Answers that are backed up with sources of 
information. 


Information from the answers is collated into a 
factsheet about metal recycling. 


SC11d.2 Life cycle assessment 
1 


Paper bag — table may include: 


e Raw materials — wood, chemicals for 
processing, large amounts of water, electricity, 
little pollution from electricity as it is from 
renewable sources, pollution from ash in water 
supplies 


e Manufacture and transport — made from paper, 
uses electricity, transport by lorry, uses diesel; 
releases carbon dioxide, carbon monoxide, 
carbon, oxides of nitrogen into the air 

e Use -as a bag for carrying shopping, 
breaks easily so cannot carry many items, it 
disintegrates when wet so no use for carrying 
frozen foods or in the rain, it doesn’t need any 
energy to use it or produce any pollutants, 
difficult to reuse as it breaks or disintegrates 


e Disposal — can be recycled, this uses energy, 
can be composted but this releases toxic metal 
compounds into the soil, can be incinerated 
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but this releases carbon dioxide and other 
chemicals into the atmosphere 


Plastic bag — table may include: 


e Raw materials — crude oil, needs fractional 
distillation to separate components and 
polymerisation to form the plastic, these use 
energy, energy comes from coal-fired power 
stations, they release huge amounts of carbon 
dioxide into the atmosphere, may release 
sulfur dioxide as well 


e Manufacture and transport — made from a 
plastic, uses electricity as above, transported a 
very long distance by lorry, ship and rail, uses 
diesel as fuel; releases carbon dioxide, carbon 
monoxide, carbon, oxides of nitrogen into the air 


e Use -as a bag for carrying shopping, does 
not break easily so can be reused many times, 
does not disintegrate when wet so can be used 
for frozen foods and in the rain, can be reused 
for other purposes, e.g. as bin liners, it doesn’t 
need any energy to use it or produce any 
pollutants 

e — Disposal — can be incinerated and this 
releases carbon dioxide and other chemicals 
into the atmosphere, can be thrown away but 
is not biodegradable so remains in landfill sites 
for a long time 


2  Student’s decision based on evidence. 


$C11d.3 Recycling aluminium 
Strengthen 
1 = a_ usually collected by a truck and driven 


to the recycling plant, uses energy from 
burning diesel/fuel in the truck 


b sorted and separated from other metal 
items then washed 


c heated to melt it then poured into a mould 
to cool and solidify into new item 


2 a 55-1.9=3.6 kg 
b 3.6 tonnes 

3 a 55-1.0=4.5kg 
b 4.5 tonnes 

4 0.3 tonnes 


285 000 — 14 000 = 271 000 kJ 


two possible uses (e.g. drinks cans, 
saucepans, cooking foil, overhead power 
cables, making alloys for aircraft) 


7 possible energy needed: to transport 
aluminium to recycling plant, to sort and 
separate the metals, to wash the aluminium, 
to make the aluminium into a new item, to 
package the item, to transport it to the 
shops/factories 
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Answers 


$C11d.4 Recycling metals 
Homework 1 


1. gold 


2 a_i __ electrolysis of the molten ore 
ii by heating the ore 


b It is extracted by electrolysis of its molten 


ore which needs a lot of energy. 


3. a copper 


b There is lot more iron available than 
copper/copper will run out sooner than 
iron. 


4 conserves supplies of ores; no need to mine 


for new ore; less waste; less pollution; may use 


less energy 


5 Some metals need more energy to recycle 
them than to extract from their ore; it can be 


more expensive to recycle some metals than to 


extract them from their ore. 


6 a Obtaining and processing raw materials, 


manufacturing and packaging the 


product, using the product, disposing of 


the product. 


b they don’t break when dropped; lighter to 


carry 


c_ they can be washed/sterilised and reused 
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$C11d.5 Zinc — Homework 2 


1 


They both produce sulfur dioxide which is 
soluble and forms acid rain. 


a Extra energy will be needed to concentrate 
and purify the ore and for the electrolysis 
of zinc sulfate. 


b The zinc produced has a high purity so it 
is more useful. 


it involves fewer steps; it also produces lead 
which can be sold 


An account to include the student’s view 
backed up by evidence taken from the 
information given and other relevant 
information the student may include. 


Suggestions may include: find new sources 
of metal ores, develop methods of extracting 
metals from ores containing small amounts of 
the metal compounds, develop new materials 
to replace the use of metals, use metals more 
carefully, recycle metals. 


Extra challenge 
5a Zn**+2e— Zn 


b cathode as it is negative and attracts 
positive ions 


c reduction, as electrons are gained 
d= oxygen 
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$C12a Dynamic equilibrium 
Student Book 


KO , ei 
7™g 1 =  Adynamic equilibrium occurs when 


wai the forward and backward reactions 
continue at the same rate and the 
amount of reactants and the amount 
of products stay the same. 


% . 
™3 2 = a_ calcium carbonate 
ae” ; d ar 
= calcium oxide + carbon dioxide 
% sot o33 . : 
ae b = An equilibrium will not be achieved 


as this is an open system and 

the products (carbon dioxide) can 
escape (so the backward reaction 
cannot occur). 


1 / 
ae 3 It stays the same. 


L/ 
aes 4) The equilibrium position in industrial 
fas ° ° 
reactions is often controlled to produce 
a higher yield/amount of the product. 


L/ 
ane 5 f During an exothermic reaction, energy 


= transfers into the surroundings, so the 
surrounding temperature increases. 
During an endothermic reaction, energy 
transfers from the surroundings, so the 
surrounding temperature decreases. 
Bo 6 af Increasing the temperature shifts 
the equilibrium to the left as this is 
the endothermic direction and so 
reduces the temperature. 
cog b J Increasing the pressure shifts the 
equilibrium to the right as this forms 
less gas molecules and reduces the 


pressure. 
% : : 
ang c J Increasing the concentration 


Ca?” . : 
of carbon monoxide shifts the 
equilibrium to the right as this 
removes some carbon monoxide 
and reduces its concentration. 


$1 The formation of ammonia is a reversible 
reaction as shown by the equation: 
N2(g) + 3H2(g) = 2NH3(g) 


As nitrogen and hydrogen react to form 
ammonia in the forward reaction, the ammonia 
reacts/breaks up to form nitrogen and 
hydrogen in the backward reaction. 


A dynamic equilibrium exists as the forward 
and backward reactions occur at the same 
rate, so the amounts of reactant and product 
(nitrogen, hydrogen and ammonia) stay the 
same. 
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Answers 


E1 Ammonia is formed by a reversible reaction: 
N2(g) + 3H2(g) = 2NH,(9). 


A dynamic equilibrium is reached when the 
forward and backward reactions occur at the 
same rate and the amounts of reactant and 
product (nitrogen, hydrogen and ammonia) 
stay the same. 


E2[] The amount of ammonia at equilibrium can 
be increased by shifting the equilibrium 
position to the right by: 

* decreasing the temperature (as this 
shifts the equilibrium in the exothermic 
direction) 

* increasing the pressure (as this shifts 
the equilibrium in the direction which 
forms fewer gas molecules) 

* increasing the concentration of 
nitrogen (as this shifts the equilibrium 
in the direction which uses up 
nitrogen). 


Exam-style question 


a Inareversible reaction, the products react to 
reform the reactants. (1) 


b i If the pressure is increased, the equilibrium 
position shifts in the direction which forms 
more N2O,, (1) as this decreases the pressure 
again. (1) When this happens the colour gets 
lighter/less brown as N,O, is colourless. (1) 


Activity and Assessment Pack 
$C12a.1 Investigating equilibrium 


1 Misty fumes appear above the ammonium 
chloride and a white solid forms on the sides 
of the boiling tube. 


broken down 

endothermic 

ammonium chloride 

the products re-form the reactants 
to prevent escape of any gases 
NH,Cl(s) = NH3(g) + HCl(g) 


ammonium chloride = ammonia + hydrogen 
chloride 


Nn Oo o fF WOW ND 


8 it means that the reaction works in both 
directions; reversible 


9 forward: NH,Cl(s) — NH3(g) + HCI(g) 
backward: NH3(g) + HCI(g) ~ NH,Cl(s) 
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10 When ammonium chloride is heated a 
decomposition reaction occurs and the ionic 
lattice starts to break up into molecules of 
ammonia and hydrogen chloride. This reaction 
is reversible, so on cooling the molecules 
of ammonia and hydrogen chloride react to 
reform ammonium chloride. Eventually the 
forward reaction and backward reactions occur 
at the same rate so the amounts of reactant 
and product remain the same and we say a 
dynamic equilibrium has been achieved. 
(Other answers possible.) 


$C12a.2 Equilibrium role-play 


Students develop a role-play activity about 
reversible reactions in both open and closed 
systems. (A variety of activities are possible.) 


$C12a.3 Ammonia equilibrium 
Strengthen 


1 


9 


nitrogen + hydrogen = ammonia 
No + 3H, = 2NH3 

reactants 

quickly 

faster 

same 

equilibrium 

forward and backward 
amount 

continue/still happen 

air 

natural gas or methane 
450°C; 200 atmospheres; iron 


qoonno sFaonwr"*qoaoqana7nas & 


$C12a.4 Dynamic equilibrium 
Homework 1 


1. a_ Missing words from left to right: solid; 
gas(es); solid 
b ammonium chloride 
+ ammonia + hydrogen chloride 


NH,Cl(s) = NH3(g) + HCI(g) 


c Dynamic means that the forward and 
backward reactions keep occurring and 
equilibrium means that they occur at the 
same rate so the amount of reactant and 
product present stays the same. 

d___ because in an open system some of the 
product gases would escape and so the 
backward reaction would not occur 


2 a_ the missing numbers are: 3, 1 (or left 
blank) and 2 


b that the reaction can work in both 
directions 
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c hydrogen + nitrogen = ammonia 


d temperature = 450 °C, pressure = 200 
atmospheres and catalyst = iron 


$C12a.5 Dynamic equilibrium 
Homework 2 


1 


a 3H2(g) + N2(g) = 2NH,(g) 


b that the reaction is reversible (it works 
both ways) 


c__ that the forward and backward reactions 
continue to occur 

CaCO,(s) — CaO(s) + CO,(g) 

CaQO(s) + CO.(g) — CaCO,(s) 
decomposition 


because the product gases will be lost and 
the backward reaction cannot occur 


aa oo ® 


afi The yield of hydrogen increases, as 
the equilibrium position shifts in the 
endothermic direction forming more 
hydrogen and carbon monoxide. It shifts 
in this direction to reduce the change (the 
increase in temperature) and endothermic 
reactions cause the temperature of the 
surroundings to fall. 


b 9 The yield of hydrogen decreases, as the 
equilibrium position shifts in the direction 
which forms fewer gas molecules, which 
is in the direction forming methane and 
water. It shifts in this direction to reduce 
the change (the increase in pressure) 
and forming less gas molecules reduces 
pressure. 


af When the sodium hydroxide is added it 
reacts with (neutralises) the H* ions and 
removes them. The equilibrium position 
shifts to replace the Ht ions, this is the 
backward reaction that also produces the 
yellow coloured CrO,?-(aq) ions. 


b 9] Pressure only affects reversible 
(equilibrium) reactions which involve a 
change in the number of gas molecules 
from one side to the other. This reaction 
does not involve gases. 


The missing words from the boxes are: top left, 
methane or CH,(g); bottom left, air; second 
left, H» or hydrogen; and far right, NH3. 


The top label should read: unreacted nitrogen 
and hydrogen are recycled. 


The bottom label should read: catalyst 
iron; temperature 450 °C, pressure 200 
atmospheres. 
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S$C13a Transition metals 
Student Book 


L/ 
ang 1 inthe central block, between groups 
2 and 3 
sg 2 ~ malleable 
L/ 
og 3 Bronze contains metals/transition metal. 
. Metals are shiny when polished, so 
bronze reflects light well. 
om 4 Mercury melts at -39°C, which is below 


ad room temperature, and boils at 356°C, 
which is above room temperature. 


OO er : Fi Z 
6@ 5 Aluminium oxide is colourless/white, 
but rubies contain a transition metal/ 
chromium/transition metal compound. 


6*g 6 Platinum and rhodium are the catalysts; 
they are transition metals, and these 
show catalytic activity. 


$1 Answer should include several points including 
that iron: has a high density (7.87 g/cm’); 
high melting point (1538 °C); forms coloured 
compounds, such as red-brown iron(II) oxide, 
pale green iron(II) hydroxide and orange- 
brown iron(IIl) hydroxide; gives aquamarine 
gemstones their colour; has catalytic activity, 
such as in the Haber process to make 
ammonia. 


E1 The answer should compare the typical 
properties of transition metals with those of 
metals, such as sodium and aluminium, using 
data to support the comparison. Transition 
metals have higher densities; transition 
metals have higher melting points; transition 
metals and their compounds usually have 
catalytic activity, but other metals usually do 
not; transition metal compounds are usually 
coloured, but compounds of other metals are 
usually white or colourless. 


Exam-style question 


Physical property: titanium has a higher melting 
point/higher density. (1) 


Chemical property: titanium is less reactive; 
titanium forms coloured compounds, but potassium 
forms white or colourless compounds; titanium acts 
as a catalyst, but potassium does not. (1) 
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Activity and Assessment Pack 


$C13a.1 Transition metal ions as 
catalysts 


1 Results recorded in a suitable table. 


2 ‘The increase in rate of reaction compared with 
the control is calculated for each transition 
metal. 


3. The transition metal ion giving the greatest 
increase in the rate of reaction is identified as 
the most effective catalyst. 


$C13a.2 Physical properties of 
transition metals 


1 The density decreases as the atomic radius 
increases. 


2 a_ Their densities are almost the same (even 
though their atomic radii are different). 
They are next to each other in the periodic 
table. 


b Their densities increase going from left 
to right across period 4/as their atomic 
numbers increase. Their atomic radii 
decrease going from left to right across 
period 4/as their atomic numbers increase. 


3 graph plotted using a scale that allows the 
plotted points to cover at least 50 per cent of 
the area between the axes; axes labelled with 
quantity and unit; points plotted correctly 


4 Melting point increases from scandium to 
chromium then decreases to zinc; manganese 
has a lower melting point than expected from 
the general trend/lower melting point than iron, 
cobalt and nickel. 


$C13a.3 Transition metals 
Strengthen 


1 a_ shaded area of the table shows the 
transition metals (between groups 
2 and 3) 


b  Fewritten into the box directly below the 
lone box (hydrogen) 


2 a _ ticks placed ini, iii and v boxes 


b Correct versions of sentences ii and iv, for 
example: 


ii Compared with metals in groups 1 and 
2, transition metals have high melting 
points. 

iv Transition metals and their 
compounds act as catalysts. 


3. Iron has a high melting point and high density. 
lron forms coloured compounds. Iron and its 
compounds act as catalysts. 
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$C13a.4 Transition metals and their 
properties — Homework 1 


1. between groups 2 and 3, in the central part of 
the periodic table 


2 metals A, C and E, because they have high 
melting points compared with metals B and D 


3. metals G and I, because they have high 
densities compared with metals F, H and J 


4 a _ Its density is high/very high, at 13534 kg/m°, 
and transition metals have high densities. 
HgO/mercury oxide is yellow-red, 
and transition metals form coloured 
compounds. Mercury chloride is a catalyst, 
and transition metals and their compounds 
have catalytic activity. 


b Its melting point is low/very low, and itis a 
liquid at room temperature, but transition 
metals typically have high melting points. 
HgCl./mercury chloride is white, but 
transition metals typically form coloured 
compounds. 


5 Iron has a high melting point and a high 
density. lron forms coloured compounds, 
for example Fe(OH)», which is pale green/ 
Fe(OH), which is orange-brown/other 
identified iron compound with its colour. Iron is 
a catalyst, for example in the Haber process. 


$C13a.5 Iron and other transition 
metals — Homework 2 


1 a_ high density, high melting point 


b It forms coloured compounds. Iron and its 
compounds show catalytic activity. 


2 a_ Fe,0, 


b i asubstance that speeds up the rate 
of a reaction without altering the 
products of the reaction, but is itself 
unchanged chemically and in mass at 
the end of the reaction 


ii Use a balance to measure the 
mass of some haematite. Add the 
haematite to the reaction mixture. 
Observe or measure an increased 
rate of reaction, for example rapid 
bubbling. Filter/remove the haematite 
afterwards. Measure the mass again; 
it should be the same/unchanged. 


3 a sodium chloride 


b Sodium salts are soluble in water. 
Sodium is an alkali metal/group 1 metal/ 
not a transition metal, so its compounds 
are not coloured. 


c  Fe?*(aq) + 2OH-(aq) + Fe(OH),(s) 
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Sc 
Stu 


Answers 


Properties typical of a transition metal: its 
density is high/very high, at 13 534 kg/m3, and 
transition metals have high densities; HgO/ 
mercury oxide is yellow-red, and transition 
metals form coloured compounds; mercury 
chloride is a catalyst, and transition metals and 
their compounds have catalytic activity. 


Properties that are not typical of a transition 
metal: its melting point is low/very low; it is a 
liquid at room temperature; transition metals 
typically have high melting points; HgCl,/ 
mercury chloride is white, but transition metals 
typically form coloured compounds. Conclusion 
supported by the evidence above. 


a The (II) and (III) are Roman numbers 
2 and 3; they show the charge on the 
chromium ion, e.g. Cr2* and Crs*/the 
number of OH- ions in the formula. 


b These compounds contain oxygen. 


c  Dimeans two; Na,CrO, contains one 
chromium atom, but Na,Cr,0,7 contains 
two chromium atoms. 


d i vanadium(Il) chloride 
ii sodium vanadate 


e There is no pattern; explanation, for 
example CrCl, is blue, but VCl, is 
green/Na,CrO, is yellow, but Na;VO, is 
colourless. 


13b Corrosion 
dent Book 


1. Magnesium ribbon is covered with a 
dull layer of magnesium oxide. The 
sandpaper removes this, revealing the 
magnesium below, which is silvery. 


2 4Al+ 30, > 2Al,03 
3 Ag>Agt +e 


4 Tarnishing and corrosion both involve 
oxidation of a metal and happen at the 
surface, but tarnishing produces a layer 
that prevents further reaction/oxidation. 
Oxidation continues with corrosion. 


5 Iron gains oxygen/iron atoms lose 
electrons. 


6 Oil and paint keep air and water away 
from the chain, but paint will be rubbed 
off, so it will gradually stop protecting the 
chain. The oil does not get rubbed off. 
The oil lubricates the chain. 
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Zinc is more reactive than iron/zinc loses 
tase electrons more easily than iron does. 
Zinc acts as a sacrificial metal. The zinc 
blocks oxidise before the iron does. 


$1 Iron needs air and water to rust. Some 
methods exclude air; for example, storing 
in an unreactive atmosphere of nitrogen or 
argon. Some methods exclude water; for 
example, using a desiccant to absorb water. 
Some methods exclude both air and water; for 
example, painting, coating with plastic, oiling 
and greasing. Sacrificial protection uses a 
more reactive metal than iron, such as zinc or 
magnesium, which oxidises more easily than 
iron. 


E1 Answer could include: place identical iron nails 
in two test tubes; add distilled water to one 
test tube and salt solution to the other test 
tube; leave for a few days/same length of time. 
Answer should indicate a way to determine 
degree of rusting; for example, visual 
observations/dry the nail then scrape the rust 
off and use a balance to determine its mass. 


Exam-style question 


Sodium is more reactive than iron (1) so it could act 
as a Sacrificial metal (1), but it is too reactive/will 
react too quickly to be useful (1). 


Activity and Assessment Pack 
$C13b.1 Investigating rusting 


1 Part 1: the untreated nail should be surrounded 
by a blue colour (showing rusting). The treated 
nail should not have rusted (except where 
there may be a break in the coating). 


Part 2: all three nails may be surrounded by 

a blue colour (showing rusting). However, 

the nail in contact with magnesium should 
show the least rusting. The nail in contact with 
copper often rusts more than the control. 


2 Only the nail exposed to air and water (the 
half-covered nail) should have rusted. 


3. It is a control/the other nails can be compared 
with it. 

4 Air and water are needed for iron and steel to 
rust. 


$C13b.2 Equations for metal 
oxidation 


1 a_ Tin gains oxygen/reacts with oxygen. 


b The number of atoms of each element is 
the same on both sides of the equation: 
one tin atom and two oxygen atoms on 
each side. 
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a 0 fF 


e 


2Mg + O, > 2MgO 
4K + O, > 2K,0 

4Al + 30, > 2AI,03 
4V + 50, > 2V,0; 
3Mn + 20, > Mn30, 


Answers 


$C13b.3 Oxidation and corrosion 
Strengthen 


1 


a 4Fe+ 30, > 2Fe,0, 

b Iron reacts with oxygen/gains oxygen. 

a__ tick placed in box i only 

b Correct versions of sentences ii, iii and iv, 
for example: 


ii The rusting of iron needs oxygen and 


water. 


iii Rusting does not protect iron from 
further corrosion. 
iv A metal for sacrificial protection must be 


more reactive than iron. 


Ticks placed in correct boxes, i.e. 


Method Oxygen Water 
painting v v 
oiling o v 
desiccant v 
argon v 
plastic v v 
a Magnesium is more reactive than iron, so 
its reaction with oxygen/air is more violent. 
b = Zinc is also more reactive than iron. 
c Magnesium/zinc/the more reactive metal 


reacts with oxygen and water, instead of 
the iron reacting with oxygen and water/ 
before the iron does. 


$C13b.4 Corrosion — Homework 1 


1 


a Oxygen is gained/they are reactions with 
oxygen. 

b_ The patina stops oxygen/sulfur dioxide/ 
substances in the environment reaching 
the copper and reacting with it. 
oxygen; water 

b hydrated iron(II) oxide 

c Rust flakes off the metal, exposing the 
metal to air/oxygen and water. 

a Oil: this lubricates the moving parts. Paint 


or plastic would wear away. 


Edexcel GCSE (9-1) 


Sciences 


Answers 


b Painting: this protects the bridge and looks d 
attractive. Oil would wash away. Plastic 
would be damaged easily. 


This is where water and oxygen can react 
to form hydroxide ions, which react with 
iron(Il) ions forming iron(II) hydroxide, 


c Coating with plastic: plastic is flexible and UDI eee eae 


will bend with the wire. Paint would flake 
off. Oil would wash away. 


S$C13c Electroplating 
Student Book 


Zinc is more reactive than iron, so it 2 
oxidises before the iron does/it oxidises 5g 1 
. ‘ ¥ 
instead of the iron. 


4 a= zinc 


to improve its appearance; to improve its 
resistance to corrosion/rusting 


: ine 
$C13b.5 Corrosion and sg 2a Copper tarnishes in air/when the cables 
rusting — Homework 2 are disconnected. 
1 a _ Copper gains oxygen/reacts with oxygen. 

rend a so 7 2b Gold does not tarnish in air/when the 

b Copper oxide is a base. Hydrogen sulfide ae cables are disconnected. 
acts as an acid. Copper sulfide is a salt. 7 
Water is the only other product. 74 2c Gold is the third best electrical 

a p 

c Copper sulfide gains oxygen/reacts with conduc) punts good a ponducting 

oxygen electricity as copper; gold is much more 
, expensive than copper. 

d_ The patina stops oxygen/hydrogen sulfide/ a 
substances in the environment reaching eg 3 chromium as the anode; solution 
the copper and reacting with it. . containing chromium ions as the 

2 Si electrolyte; steel exhaust pipe as the 

a oxygen; water cathode 

hydrated iron(IlIl) oxide » 
a4 4 oxidation, because silver atoms lose 

c Rust flakes off the metal, exposing the eu" aidctiane. 
metal to air/oxygen and water. 

m : : oe _ 
3 a _ Oil: this lubricates the moving parts. Paint are 5 Atnickel anode: Ni(s) > Ni**(aq) + 2e 
or plastic would wear away. At cathode: Ni**(aq) + 2e- — Ni(s) 

b Painting: this protects the bridge and looks ac 6a Galvanising improves its resistance 
attractive. Oil would wash away. Plastic tae to corrosion/rusting, and improves its 
would be damaged easily. appearance. 

c Coating with plastic: plastic is flexible and % . : : _ 
will bend with the wire. Paint would flake © cabs aon aces ae ae 
off. Oil would wash away. ’ 

y the cathode; put the anode and cathode 
4 a Zinc is more reactive than iron, so it in the electrolyte; pass a d.c. current 
oxidises before the iron does. The layer through them 
does not have to be complete for this to 
happen P $1 Electroplating a metal with another metal 

b i a. Pre" + 20 may improve its appearance, and improve its 

sly _ 


resistance to corrosion/rusting. Example such 
as silver plating/gold plating/zinc plating/tin 
plating/chrome plating. 


ii Zinc atoms lose electrons. 


5 Sodium is too reactive/very reactive; it will 
react with water to form sodium hydroxide, E1 Jewellery can be solid metals such as 
which is soluble, so it will wash away. gold or silver; these metals are expensive. 
Electroplating cheaper metals with gold or 
silver produces jewellery that looks expensive 
but is cheaper. The resistance of the 


Extra challenge 


6 a Fe-> Fe?* + 2e-; oxidation, because iron 


atoms lose electrons 


b 2H,0 + O, + 4e- > 40H; reduction, 
because water and oxygen gain electrons 


c Fe** + 20H —> Fe(OH), 
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electroplated metal to corrosion is better than 
that of the cheaper metal but the same as that 
of solid gold or silver. 


Bathroom fittings get wet, so resistance to 
corrosion is important. Steel rusts when 
exposed to air and water. Electroplating 
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Sciences 


Answers 


with less reactive metals such as chromium 
improves resistance to corrosion and also 


3 Table completed correctly, i.e. 


improves the appearance of the fittings. Steel Zinc Zinc 
object chloride 
Exam-style question solution 
Two from the following, for one mark each: to anode J 
improve its appearance; to improve its resistance to cathode J 
corrosion; to make a medal that looks like gold but electrolyte y, 


is cheaper than gold alone. 


$C13c.4 Electroplating and metals 


Activity and Assessment Pack Homework 1 


$C13c.1 Electroplating with copper 1 a electroplating 
1 Appearance of the electroplated object recorded. b _ silver nitrate solution 
2 Appearance of the electroplated object c steel 
distiee ea, Ver ample 0 clange enero d__ Silver ions are positively charged. The 


was not in the copper sulfate solution; orange- 
brown to black where it was in the solution; 
reasons given, for example electroplated with 


steel spoon is negatively charged/is the 
cathode. Opposite charges attract. 


copper where it was in the copper sulfate 
solution. 


3 Leave the object in the copper sulfate solution 


for longer; increase the current/voltage. 


$C13c.2 Electroplating questions 
1 left-hand block — copper anode; right-hand 


object — metal object, cathode; liquid — copper 


sulfate solution, electrolyte; +/—, d.c. supply. 


e Silver is expensive/it is cheaper to use a 
thin layer of silver. 


appearance; resistance to corrosion 
a copper 


b (Copper) ions must be free to move 
around; they cannot move around in solid 
copper sulfate, but they can move around 
in copper sulfate solution. 


2 a_ table completed: food can — corrosion c Leave the process running for longer/ 
resistance; nickel jewellery — appearance increase the electric current. 
b Tin does not corrode easily; it covers the d_ Mass of anode decreases, as copper ions 
steel/keeps air and water away. leave the anode to replace ions used up/ 
c_ The layer of the other metal keeps the changed to copper atoms at the cathode. 


nickel away from the skin, stopping the 
jewellery causing an allergic skin reaction. 


$C13c.3 Electroplating — Strengthen 


$C13c.5 Metals and electroplating 
Homework 2 


1. a_ silver nitrate solution 
1 Oxygen and water only are ticked. 
: . ; b _ steel 
2 a_ chromium + oxygen — chromium oxide 
b Chromium reacts with oxygen/gains oxygen. ¢ i Silver ions are positively charged. The 
. ee J steel spoon is negatively charged/ 
c Chromium oxide is insoluble/does not : ; 
. . is the cathode. Opposite charges 
dissolve in water. attract 
d_ The layer of chromium oxide stops air and e . 
water reaching the metal; it is thin enough ii Ag*(aq) + e&- — Ag(s) 
to see the shiny metal through it. d___ to improve their appearance; to improve 
e Table completed correctly, i.e. their resistance to corrosion 
2 
Feature Corrosion | Appearance papier 
resistance b (Copper) ions must be free to move 
shiny J, around; they cannot move around in solid 
copper sulfate, but they can move around 
does not corrode v v in copper sulfate solution. 
covers the surface v v 
- c Leave the process running for longer; 
silver coloured v increase the electric current. 
d_ Mass of the anode decreases, as copper 
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ions leave the anode to replace ions 
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Sciences 


Answers 


E1 Pure metals differ in strength. Atoms of 
different elements are different sizes, so they 
distort the structure in an alloy, making it more 
difficult for layers to move past each other, 


used up/changed to copper atoms at 
the cathode. 


Cu(s) > Cu?*(aq) + 2e- 


purch 
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3. a_ toimprove its appearance/to allow it to making the alloy stronger. But if the atoms 
conduct electricity of the different metals are the same/similar 
b ‘Plastics do not conduct electricity. A layer sere ate hob be songer Mamane 
of copper is needed so that the plastic , 
object can become an electrode/the Examcealacuestion 
cathode. yieq 
; . 7 Three of the following points for one mark each: 
4 a i 2H*+2e>4, gold atoms are all the same size; in pure gold, the 
ii 20,-—> 0,(g) + 4e- layers of atoms can slide past each other; copper 
atoms are a different size; copper atoms distort the 
b  4Al + ie > 2Al,03 or structure, which stops layers of gold atoms sliding 
2Al + 17202 > Al,Os past each other and makes the structure stronger. 
Al,03 + 3H,SO, > Al,(SO,)3 + 3H,0 
Oxygen continues to be produced at the Activity and Assessment Pack 
anode. The oxygen reacts with aluminium, : ; 
to produce aluminium oxide, so the layer SC13d.1 Making and testing an alloy 
continues to thicken during electrolysis. 1 Observations made when carrying out the 
scratch tests recorded. 
SC13d Allovin 2 a_ metals listed in order of increasing 
ying hardness, depending on the results 
Student Book obtained 
2 expected results: zinc, copper, brass 
ang 1. Itis a mixture of a metal/iron with one or b metals listed in order of increasing 
more other elements/carbon. hardness, depending on the results 
Me, 2 ACr+30 2Cr,0 obtained 
je r+ r 
Mas aa expected results: lead, lead—tin alloy 
“# 3 Stainless steel does not rust/will not 
ae alMes> Slee) Coes NOL Inouwlh ne 3. Carbon reacts with oxygen in air, instead of 
become rusty/will not react with body lead reacting with oxygen. This stops lead 
fluids. oxide forming. 
Ue : . 
is 4 Mild steel is not as strong (as the other S$C13d.2 Jewellery gold 
two steels), so more of it would be 
needed/a greater thickness would be 1 a The hardness increases as the percentage 
needed to achieve the same strength. of copper increases. 
% : b i 100-37.5 = 62.5% 
sg 5 Metal atoms are arranged in a regular 
Cas? 3D arrangement. Different sized atoms ii It should be harder than 14-carat gold 
distort the structure in all directions, emis to ae a but it is softer 
making it difficult for layers to move past a ear er aor 
each other in all directions. iii 9-carat gold is mostly copper rather 
m% than mostly gold, so its hardness is 
ae 6 Pure iron is too soft/weak. Wrought iron closer to the hardness of copper. 
is stronger than pure iron but weaker c  18-carat gold is harder than 22-carat gold, 
than alloy steels. Cars would be much so the 18-carat gold ring will wear away 
heavier if they were made from iron or the 22-carat gold ring. 
wrought iron. 
$1 Examples with reasons, for example: alloys are $C13d.3 Alloying = Strengthen 
often stronger than the metals they contain, 1 a (327 + 232)/2 = 279.5°C 
soale MONS useful for bridges; alloys such a> b It is lower than the melting points of either 
stainless steel resist corrosion, unlike iron, so metal. 
are useful for kitchen sinks; some alloys/tool Sold It ily/solidif 
steels are very tough compared with iron, so . Ce eer ee 
sn ist quickly/melts at a lower temperature, so it 
are useful for drill bits. . 
does not damage the electrical parts. 
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2 a_ Stainless steel is stronger and has (much) 
better corrosion resistance/does not rust. 


b Tool steel is (much) stronger and has 
better corrosion resistance/does not rust 
as easily. 


3 a _ Diagram completed with one row of open 
circles touching but not overlapping each 
other; circles in added row will not be 
ordered in a line, unlike the top two rows; 
aluminium atoms to be drawn to the same 
scale. 


b correct pairs of words: different sizes; less 
easily 


$C13d.4 Alloys and their uses 
Homework 1 


1. Analloy is a mixture of a metal element with 
one or more other elements, usually metals. 


2 a_ The tensile strength increases as the 
percentage of zinc increases. 


b Copper atoms are all the same size, so 
layers of atoms can slide over each other. 
Zinc atoms are smaller; they distort the 
layers, so layers cannot slide over each 
other so easily. 


3. a_ manganese steel, because it is extremely 
hard, so it will not get worn away by soil/ 
rock/concrete 


b _ stainless steel, because it resists 
corrosion, so will not rust when exposed to 
air and water 


c__ titanium steel; it is strong with a low 
density, so parts will be lightweight but 
strong 


$C13d.5 Using and explaining alloys 
Homework 2 


1 Analloy is a mixture of a metal element with 
one or more other elements, usually metals. 


2 a_ The tensile strength increases as the 
percentage of zinc increases. 


b Copper atoms are all the same size, 
so layers of atoms can slide over each 
other. Zinc atoms are smaller; they distort 
the layers, so layers cannot slide over 
each other so easily. Labelled diagram 
modelling the arrangement of atoms in 
copper and brass: Copper — identical 
circles regularly arranged, touching but 
not overlapping. Brass — copper atoms 
shown as identical circles; zinc atoms 
shown as identical circles but smaller 
than copper atoms; circles touching but 
not overlapping; arrangement will not be 
regular. 
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iron mixed with other metals 


Pure iron is too soft/weak for most 
purposes. Alloy steels are harder/stronger/ 
have improved properties, so they are 
more useful. 


i manganese steel, because it is 
extremely hard, so will not get worn 
away by soil/rock/concrete 


ii stainless steel, because it resists 
corrosion, so it will not rust when 
exposed to air and water 


iii titanium steel; it is strong with a low 
density, so parts will be lightweight but 
strong 


nickel and titanium 


The atoms in nitinol are regularly 
distributed rather than being randomly 
distributed. Nitinol has two different 
structures, which swap from one to the 
other if the temperature/force applied is 
changed. 

i _ Nitinol is super-elastic/returns to 
its original shape after a force is 
removed, so the spectacle frames 
keep their shape/do not get bent out 
of shape easily. 


ii The wire can be bent into shape at 
body temperature then cooled to room 
temperature and fitted by the dentist. 
The wire returns to its original shape 
when it warms up in the mouth. 


SC13e Uses of metals and their 
alloys 


Student Book 


1 


It resists corrosion/will not corrode; it is 
malleable/can be bent into shape. 


Gold resists corrosion/stays shiny; it is 
malleable/can be made into thin sheets; 
it is attractive; thin leaf is cheaper than 
making the whole statue or frame out 
of gold. 


Cable made from several wires is 
stronger than a single wire; steel is very 
strong; aluminium conducts electricity well. 


Aluminium is cheaper than copper; 
aluminium is stronger than copper; 
aluminium does not conduct electricity 
as well as copper does; aluminium is 
less dense than copper; both metals 
resist corrosion. 
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Conclusion, for example, copper is used 
in household cables because these are 
short, so the ability to conduct electricity 
well is important but cost/strength/weight 
are less important; aluminium is used in 
overhead cables because these are long 
and cost/strength/weight are important, 
but the ability to conduct electricity well 
is less important. 


6s 5 It resists corrosion, so it will stay shiny. 
It is strong, so it will not bend/not wear 


away easily. 
17 
3 6 Aircraft parts need to be strong and 


lightweight. Magnalium is denser 

than magnesium but twice as strong. 
Magnalium is less dense than aluminium 
and almost four times stronger. 


S1 Different metals have different properties. 
The uses of a metal depend on its properties. 
The properties of a metal may also depend 
on its uses; for example, gold can be made 
thin enough to see through or thick enough to 
make jewellery. 


E1 Alloys may have properties that make them 
better suited than pure metals to a particular 
use; for example, they may be stronger/ 
harder/more corrosion resistant/less dense. 
The composition of alloys can be altered 
to give different properties; for example, 
magnalium can be a useful engineering metal 
or a flammable powder, depending on the 
amount of magnesium it contains. Some uses 
may require pure metal; for example, copper 
conducts electricity better than brass does, so 
it is more suitable for electrical wires, but brass 
is stronger and more suitable for electrical 
plug pins. 


Exam-style question 


Two of the following points for one mark each: 
copper resists corrosion; copper is a similar colour 
to gold; copper is malleable/ductile; copper is 
cheaper than gold. 


Activity and Assessment Pack 


$C13e.1 Metals and alloys circus 


Students should explain their choice of metal for 
each use. This could include why they rejected 
each of the other metals. Suitable choices are: 
electrical plug pins — brass, because this has good 
corrosion resistance and is very hard; jewellery 
rings — 22-carat gold, because this has excellent 
corrosion resistance; stepladders — magnalium, 
because this has good corrosion resistance, low 
density and high strength; coins — brass, because 
this has good corrosion resistance and high 
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strength; electrical wires — copper, because this 
has good corrosion resistance, excellent/very high 
electrical conductivity and high strength; saucepans 
— copper, because this has good corrosion 
resistance, a high melting point and high thermal 
conductivity or aluminium, because it has very good 
corrosion resistance and high thermal conductivity. 


$C13e.2 Metals — their properties 
and uses 


1-4 Students should identify these areas for 
improvement in the sample answers, with 
suggested improvements: 


A_ The information in the table is restated rather 
than used. No uses of the metals are given. 


B- Most of the information in the table is restated 
rather than used. A use of copper is the only 
use given. 


C Information in the table is used to explain the 
uses of two metals, gold and copper. The 
reasons for the stated use of aluminium are not 
given. 

$C13e.3 Uses of metals and their 

alloys — Strengthen 


1. Table completed correctly, i.e. 


Propert Electrical | Roofs for | Heat 

Jat | wires buildings | sinks 
thermal 

v 
conductor 
electrical 
v 

conductor 
resists r 
corrosion 
2 a_i Lithium, because its density is less 


than 1 g/cmé. 


ii Lithium reacts rapidly with water, 
forming hydrogen and lithium 
hydroxide. 


b = Aluminium is stronger/has a higher tensile 
strength; aluminium has no reaction with 
water. 


3. a_ The alloy is denser than lithium, but less 
dense than aluminium. 


b_ The alloy is stronger than lithium/50 times 
stronger, and stronger than aluminium/six 
times stronger. 

c_lower density, so parts are more 
lightweight; higher tensile strength, so 
parts are stronger 
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$C13e.4 Metals, alloys and their 
uses — Homework 1 


1 a_ table completed with ticks for: good 


conductor of electricity, low density, strong 


when alloyed with other metals 


explanation could include: cable must be 
able to conduct electricity well; it should be 


strong but lightweight 


b table completed with ticks for: ductile, 
good corrosion resistance 


explanation could include: pipes must not 


react with water; plumbers may need to 
bend pipes into shape 


c table completed with ticks for: very 


malleable, excellent corrosion resistance 


explanation could include: gold must be 


hammered into thin sheets/moulded into 


shape; it must not corrode/it must stay 
shiny 

d__table completed with ticks for: tough, 
makes a ringing sound when hit 


explanation could include: the bell must 


not crack when hit; it must vibrate when hit 


so that it makes a ringing sound 


SC13e.5 Uses of different metals and 


alloys — Homework 2 


1 a _ Copper is a very good electrical conductor/ 


the best conductor of the four metals; it 
is the second strongest metal; it is more 
expensive than aluminium but much 


cheaper than pure gold and 22-carat gold; 
it has the second highest tensile strength, 


so it will not break easily. 


b Aluminium has the lowest electrical 
conductivity and tensile strength of the 
four metals, but it is the cheapest of the 
four metals; its density is the lowest, 
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Answers 


so the cables will not be too heavy; its 
corrosion resistance is very good, so it will 
not corrode easily in use. 


22-carat gold is cheaper than pure gold; it 

is harder and stronger than pure gold, so it 
should not wear away as easily; its resistance 
to corrosion is excellent/the same as pure gold, 
so it will stay shiny. 


Advantages of aluminium: it is cheaper; it is 
less dense, so the heat sink will have less 
mass. 


Disadvantages of aluminium: its thermal 
conductivity is not as good, so it will not 
transfer heat so well. 


Advantages of copper: its thermal conductivity 
is better, so it should transfer heat better. 


Disadvantages of copper: it is more expensive; 
it is denser, so the heat sink may be very 
heavy (and might separate if the computer is 
moved). 


Conclusion: for example, it is worth paying 
more for a copper heat sink, because it will 
transfer heat more effectively although it may 
be heavier; or it is not worth paying more for 
a copper heat sink, because an aluminium 
one will work almost as well and be more 
lightweight. 


a__ It contains steel, which has a high tensile 
strength, and concrete, which has a high 
compressive strength. 


b The concrete keeps air/oxygen and water 
away from the steel; these are needed for 
rusting to happen. 


c_ Rusting will cause the steel to expand, 
which could push the concrete apart. If 
pieces of concrete break off, rusting will 
happen faster/to other areas of steel. 
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SC14a Yields 
Student Book 


7 1 3£ x 100 = 80% 
m2 a M,CaCO,=40 + 12 +(3 x 16) 
= 100 
M. CaO = 40 + 16 
= 56 


100 tonnes of CaCO; makes 
56 tonnes CaO 


1 tonne of CaCO; makes 
tonnes CaO 


125 tonnes CaCO; makes 


125 x 28. = 70 tonnes CaO 
ng b percentage yield = Oe x 100 
= 65% 
oe 3 Less raw material is needed so less 
. waste. 
L/ 
me 4 a M,SO,=32+ (2x 16) 
= 64 
M, SO, = 32 + (3 x 16) 
= 80 
64 tonnes of SO, makes 80 tonnes 
SO, 
80 
1 tonne of SO, makes 64 tonnes 
SO; 
256 tonnes SO, makes 
256 x 2 = 320 tonnes SO, 
KX ‘ald = 202 
is b percentage yield = 320 * 100 


= 63.1% 


$1 percentage yield = Me x 100 
= 72.7% 


$2 Adescription to include: 


e the reaction may be incomplete — this 
means that not all of the reactants are 
used up and some are left at the end, this 
may happen because the reaction has not 
been left for long enough or the reaction 
may reach equilibrium 
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e some of the product is lost during the 
practical preparation — for example, when 
a liquid is transferred from one container 
to another, some of it will be left behind on 
the walls of the container 


e there may be other unwanted reactions 
taking place — for example, some of the 
reactants may react in different ways to 
make a different product. 


e Students may also write that the starting 
material is not pure. 


E1 a M,Fe,O3 = (2 x 56) + (3 x 16) 
= 160 
A, Fe = 56 
Fe,O, makes 2 Fe 


160 tonnes of Fe,O, makes 
2 x 56 = 112 tonnes Fe 


1 tonne of Fe,0; makes if 
tonnes Fe 


320 tonnes Fe,03; makes 


320 x is = 224 tonnes Fe 


E2 b__ percentage yield = se x 100 
= 40% 


Exam-style question 
percentage yield = a3. (1) x 100 
= 62.5% (1) 


Activity and Assessment Pack 


S$C14a.1 Percentage yield of carbon 
dioxide 

Answers to questions on page 1 

1 — student value from experiment 

2 percentage yield 


_ actual volume ape dioxide x 100% 
3 Reasons may include: gas is lost between 
adding hydrochloric acid to the flask and 
putting the bung in the flask, the volume of 
hydrochloric acid was less than 15.0 cm?. 


4  Avalid suggestion of a method to reduce the 
loss of gas, for example: tie a long thread 
around the top of a test tube, put hydrochloric 
acid in the test tube and support it in the flask 
containing the marble chips so that it is upright 
and the thread is hanging over the top of the 
flask, place the bung in the flask, tip the flask 
so the acid flows out of the tube and reacts 
with the marble. 
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Answers to questions on page 2 


1 as for 1, above 
2 as for 2, above 
3 as for 3, above 
4 


as for 4, above 


$C14a.2 Calculating percentage 
yields 

1 a 75% 

b 25% 

c 12.5% 

d 32% 

e 20% 

a 68.3% 

b 16.9% 

c 53.9% 

d 18.8% 

e 63.6% 

a 119+(2x 16)=151 

b i 151 g of SnO, produces 119 g of Sn 


so 1g of SnO, produces is g of Sn 


and 302 g of SnO, produces i x 302 
= 238 g of Sn 


or calculation using moles. 
ii 238 kg 
c 151 tonnes of SnO, needs 24 tonnes of C 
so 1 tonne of SnO, needs is tonnes of C 
and 302 tonnes of SnO, needs a x 302 
= 48 tonnes of C 


or calculation using moles. 


d ee x 100 = 79.8% 


e Reasons may include: the tinstone is 
not pure SnOsz, reaction is incomplete, 
practical losses, competing reactions. 


$C14a.3 Yields — Strengthen 
1 20% 

30% 

75% 

40% 

87.5% 

i 2.10g 

ii 1.02 g 

iii 1.08 g 

b 98.2% 


» 


9 oa0onks 
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c The magnesium carbonate may have 
been impure and the impurities did not 
decompose. 


The magnesium carbonate may not have 
all decomposed. 


$C14a.4 Using percentage yields 
Homework 1 


1 a 60% 

b 40% 

c 62% 

d 18.4% 

e 47.7% 

a i 0.084g 
ii 0.1299 

b 92.1% 


c Reasons may include: some of the 
magnesium oxide escaped when the 
lid was lifted, not all of the magnesium 
reacted, other products may form, e.g. 
magnesium may react with nitrogen in the 
air to form magnesium nitride. 


3 actual yield 


percentage yield x theoretical yield 
100 


_ 15x 30 _ 
= 400 00 4.5 tonnes 


$C14a.5 Calculating yields — 
Homework 2 
1 Method A51% 
Method B 69% 
Method C 43% 
2 a_ 100g of CaCO; makes 56 g of CaO 


so 1 g of CaCO; makes 2 g of CaO 
and 15 g of CaCO; makes x15 
=8.4g 


or 


number of moles CaCO; = R =0.15 


number of moles CaO made = 0.15 
mass of CaO = 0.15 x 56=8.4g 


b percentage yield = ie x 100 
= 85.7% 
3 a 160 kg of Fe,03 makes 112 kg Fe 


so 1 kg Fe,0, makes is kg Fe 
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and 320 kg Fe,03 makes is x 320 
= 224 kg Fe 


or 


number of moles Fe,O3 in 320 g 
~ 320 _ 
= 160 = 


number of moles Fe made = 2 x 2=4 
mass of Fe = 4 x 56 = 224g 
so 320 kg Fe,03 makes 224 kg Fe 


b percentage yield = jon x 100 = 44.6% 


4 a (3x 2)=6 tonnes H, makes 
[2 x (14 + 3)] = 34 tonnes NH; 


so 1 tonne H, makes a tonnes NH, 


and 90 tonnes Hz makes o x 90 


= 510 tonnes NH; 


or 
; _ 90 _ 
number of moles Hz in 90 g = > = 45 


number of moles NH, made = 45 x ; = 30 
mass of NH, = 30(14 + 3) = 510g 
so 90 tonnes H, makes 510 tonnes NH3 

b percentage yield 


- ae x 100 = 23.5% 


c The reaction reaches equilibrium so not 
all of the hydrogen reacts, there could be 
practical losses during the manufacture, 
there could be other unwanted reactions 
taking place. 


5 actual yield 


_ percentage yield x theoretical yield 


100 
95 x 50 
=—~—_—_ =47. 
100 5 tonnes 
6 a_ moles AgNO; = = = 0.02 


108 + 14 + (3 x 16) 
moles AgCl = 0.02 
c mass of AgCl = 0.02(108 + 35.5) = 2.87 g 


d_ percentage yield = aoa x 100 
= 78% 
e Aspecific practical reason such as: some 
of the silver chloride stuck to the inside 


of the beaker, some small pieces of silver 
chloride passed through the filter paper. 


7 Overall yield in two-step process is 65 x 0.75 
= 48.75% so is less efficient than a one-step 
process with 60% yield. 
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SC14b Atom economy 
Student Book 


6°@ 1 atom economy 


_ M, of the useful product x 100% 
~sum of the M/s of all the reactants ° 


ra 2 Allofthe C, H and O from the reactants 
= (ethene and water) are in the product 
(ethanol) 
CH, + H,0 = C,H5OH 
so the atom economy is 100% 
or 
M, CoH, = (2 x 12) + (4 x 1) 
= 28 
M, H2O = (2 x 1) + 16 
= 18 
M, CoH5OH = (2 x 12) + (5 * 1) +1641 
= 46 
atom economy = see x 100 
= 100% 
"ee 9 
™e 3 100% 
ae 
1 / 
are 4 M,of CaO =40+ 16 
= 56 
M, of CaCO; = 40 + 12 + (3 x 16) 
= 100 


atom economy = es x 100 
= 56% 
5 M,ZnCO3 = 65 + 12 + (3 x 16) = 125 
M, H,SO, = (2 x 1) + 32 + (4 x 16) = 98 
M, ZnSO, = 65 + 32 + (4 x 16) = 161 


Atom economy = Eo x 100 


= 72.2% 


oe 6 Areaction with a high atom economy 

. produces less waste, so a low 
percentage yield and a high atom 
economy is best. 


to 7 a Ananswer to include references 
to: fermentation is better for raw 
materials as they are renewable so 
more crops can be grown whereas 
ethene is obtained from crude oil 
and when it is used up there is no 
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more available; ethene has the 
better atom economy at 100% 

so there are no waste products 
whereas fermentation has a lower 
atom economy of 51.1% but the 
atom economy will be 100% if the 
carbon dioxide is collected and 
used; fermentation has a much 
lower energy consumption to make 
ethanol as it uses a low temperature 
and atmospheric pressure, although 
more energy will be needed if 

the ethanol has to be purified by 
fractional distillation; fermentation 
produces impure ethanol whereas 
the ethanol from ethene is pure. 


woe b An answer to include references to 
three of the following: Brazil has a 
tropical climate so it is easy to grow 
crops/sugar cane for fermentation; 
Brazil has a lot of land available for 
growing crops; fermentation uses 

a lot less energy so is cheaper 

than using ethene/crude oil; using 
fermentation conserves the supplies 
of crude oil. 


S1 a M,ofH,=2~1 
=2 
M. of CO = 12 + 16 
= 28 
M, of H,O = (2 x 1) + 16 
= 18 


atom economy = ae as x 100 


= 4.35% 

Si b M,ofH,=2~x1 
=2 

M, of CH, = 12 + (4 x 1) 
= 16 

M, of H,O = (2 x 1) + 16 
=18 

4x2 
atom economy's (a «1e) 100 
= 15.4% 


E1 e Areaction with a high atom economy is 
beneficial as this means that there will be 
less waste produced so the cost will be 
reduced as there is less waste to treat/ 
dispose of. 
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e A reaction with a high percentage yield is 
beneficial as more of the product will be 
formed from a given amount of reactants. 


e __ If uses can be found for any waste products, 
the atom economy will improve and there 
will be less waste to treat/dispose of. 


Exam-style question 
M, of NH3 = 14 + (3 x 1) 
=17 
M, of (NH,4)2SO, = 2[14 + (4 x 1)] + 32 + (4 x 16) 
= 132 
M, of NaOH = 23 + 16 + 1 
= 40 (1) 

2x 17 
132 + (2 x 40) 
= 16.0% (1) 


atom economy = (1) x 100 


Activity and Assessment Pack 
SC14b.1 Atom economy 


1. atom economy 
relative formula mass of 
_ the useful product 
~ sum of relative formula masses 
of all the reactants 
2 All of the atoms in the reactants are in the 
product or there is only one product. 


x 100% 


120 _ 
3 DA +98 x 100 = 98.4% 
120 _ 
b 40 + 98 x 100 = 87.0% 
120 _ 
c 84 + 98 x 100 = 65.9% 
4x27 
4 7% 102 * 100 = 52.9% 
5 a_ 100 tonnes CaCO; makes 106 tonnes 
Na,CO3 
so 50 tonnes CaCO; makes 53 tonnes 
Na,CO3 


b percentage yield = 2 x 100 
= 94.3% 
c atom economy 
= 106 
100 + (2 x 58.5) 
$C14b.2 Manufacture of ethanol 


Student presentation, should include some of the 
following points. 


x 100 = 48.8% 


1 Fermentation 


Advantages — raw materials are sugar beet / 
sugarcane / plants / carbohydrates and yeast; 
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these are renewable as more plants can be grown; 
there is plenty of fertile land available and two crop 
cycles a year so more crops can be grown; they 
use energy from the sun as they grow; fermentation 
takes place at a low temperature / 30-40 °C; so 
not much energy is needed to produce ethanol; 
this process will be cheaper; if a use can be found 
for the carbon dioxide, the atom economy will be 
100%; carbon dioxide is used to make fizzy drinks; 
ethanol is used to make alcoholic drinks, as a fuel, 
as a solvent, etc. 


Disadvantages — atom economy is 51.1%; a lot of 
waste is produced; the waste is carbon dioxide; the 
percentage yield is likely to be low as it is a batch 
process; it is a slow process; there will be practical 
losses as the ethanol solution is separated from the 
yeast; fermentation stops when the concentration 
of the ethanol reaches about 14%; if a higher 
concentration of ethanol is required, e.g. for spirits, 
fractional distillation is needed; this uses a lot of 
energy. 


2 Hydration of ethene 


Advantages — atom economy is 100% as there is 
only one product; the overall percentage yield is 
high, as the ethene and steam are passed over the 
catalyst again and again until they all react; 

it is a fast process; it is a continuous process; the 
reaction reaches equilibrium but the unreacted 
gases are passed over the catalyst until they all 
react; ethanol is pure / does not need fractional 
distillation; used as a fuel, a solvent; making other 
compounds, etc. 


Disadvantages — raw materials are ethene, steam 
and a (phosphoric acid) catalyst; ethene is obtained 
from cracking crude oil; crude oil is non-renewable; 
cracking uses energy to break the large molecules 
into smaller molecules; reaction to form ethanol 
takes place at 300 °C; therefore a lot of energy is 
needed; this process will be more expensive. 


The answer should include an evaluation of these 
points and a conclusion about which method to 
use. 


$C14b.3 Calculating atom economy 
Strengthen 


1. a onworksheet 


b 44 
c 174 
d 74 
e 148 


2 ~All of the atoms in the reactants are present in 
the useful product. 


3 mass of NaCl = 58.5 
mass of HCI + NaOH = 36.5 + 40 = 76.5 
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Answers 


atom economy = ee x 100 = 76.5% 
4 mass of AgCl = 143.5 
mass of NaCl + AgNO; = 58.5 + 170 = 228.5 


atom economy = ee x 100 = 62.8% 


5 mass of Na,SO, = 142 
mass of H»SO, + 2NaOH = 98 + (2 x 40) = 178 


atom economy = ae x 100 = 79.8% 


S$C14b.4 Percentage calculations 
Homework 1 


1 a 32 
b 64 
c 84 
d 78 
e 164 


2 A\llof the atoms in the reactants are present in 
the useful product. 


3 mass of CuSO, = 159.5 


mass of CuO + H,SO, = 79.5 + 98 = 177.5 


atom economy = ee x 100 = 89.9% 


4 a-— mass of NaCl = 58.5 


mass of Na,CO, + 2HCI 
= 106 + (2 x 36.5) 


=179 
atom economy = ee. x 100 
= 65.4% 


b_ percentage yield = 28 x 100 
= 82.4% 


SC14b.5 Atom economy, yields and 
reaction pathways — Homework 2 


1. mass of |, = 254 
mass of 2Nal + Cl, = 300 + 58.5 = 358.5 


atom economy = 4s. x 100 = 70.9% 
2 Using Fe,03: 
mass of 2Fe = 112 
mass of Fe,0, + 3CO = 160 + (3 x 28) = 244 
atom economy = a x 100 = 45.9% 
Using Fe,O,: 
mass of 3Fe = 168 
mass of Fe,0, + 4CO = 232 + (4 x 28) = 344 


Edexcel GCSE (9-1) 


Sciences Answers 


SC14c Concentrations 
Student Book 


atom economy = ee x 100 = 48.8% 


3 a_ mass of Cu(NO3). = 187.5 


ve ome 
mass of CuO + 2HNO, = 79.5 + (2 x 63) oe 1 a concentration = 36 
or = 2058 = 5.0 g/dm3 
atom economy = 205.5 * 100 m, . , _ 100 
= 91.2% a ONE 000 
b = mass of Cu(NO3), = 187.5 = 0.1 dm? 
mass of CuCO 3 + 2HNO3 convention = a 
= 123.5 + (2 x 63) ° 
= 2495 =2.5 g/dms 
atom economy = ee x 100 7 2 mass = concentration x volume 
‘ ae? 
= ) 
75.2% =10x7e =0.5g 
4 a_- mass of Agl = 235 
<7 _ mass 
mass of AgNO; + KI = 170 + 166 = 336 is 3 volume = concentration 
atom economy = 336 * 100 = 69.9% ae 
b 170g of AgNO, makes 235 g Agl = 0.2 dm? = 200 cm? 
235 
S01 DOLAGINOS MAKES 47g OG! oe 4 a concentration = Mat 
and 3.4 g of AgNO, makes . 
San = 0.25 mol/dm? 
770 * 3-4=4.7gAgl om, : | 250 
Te volume = zann 
or calculation involving moles. aw 1000 
; 34 = 0.25 dm° 
c percentage yield = 47* 100 
= 72.3% concentration = a2 
5 a_ mass of ibuprofen = 206 = 0.6 mol/dm? 
_ 206 onl, 
atom economy = 514.5 * 100 ey 5 number of moles 
as 40%, ™ = concentration x volume 
= (0) 
_ 100 
b atom economy = Sa x 100 = 0.25 x 1000 
= 774% = 0.025 
c i109x0.9x0.9x0.9 0.9 x 0.9 x 100 ™% 6 7 moles 
= 53.1% ww volume = ‘concentration 
ii 0.9 x 0.9 x 0.9 x 100 = 72.9% 0.02 
d_ Answers to include: whether any of the ~ 0.5 
by-products are useful — if they are, this = 0.04 dm? = 40 cm? 
will increase the atom economy; the rate m, 
of reaction for each step in the processes ae 7 a_ concentration 


— if the overall rate of the three-step 98 
process is faster than the overall rate of = 

the six-step process, it will be better to (2 x 1) + 32 + (4 x 16) 
use the three-step process; position of 
equilibrium — if any of the steps reach 
equilibrium, the yield is likely to be low Ns 1.825 

and conditions will need to be chosen to "o9 b concentration = 7 a5 5 
increase the yield as much as possible. = 0.05 mol/dm3 


= 1 mol/dm® 
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ws 8 a concentration = 0.5 x (23 + 16 + 1) 
= 20 g/dm? 
mT b concentration = 0.125 x (23 + 35.5) 


= 7.3125 g/dm? 
oe 32 
$1 concentration = 2341644 
= 0.8 mol/dm? 
$2 concentration = 0.1 x [(2 x 23) + 12 + (3 x 16)] 
= 10.6 g/dm? 
_ 250 
E1 number of moles = 0.05 x 7000 
= 0.0125 
mass = 0.0125 x [(2 x 39) + 12 + (3 x 16)] 
= 1.725g 
or 
concentration = 0.05 x [(2 x 39) + 12 + (3 x 16)] 
= 6.9 g/dm? 
2 250 
mass = 6.9 x 7000 
=1.725g 
7 25.0 
E2 number of moles = 0.1 x 7000 
= 0.0025 


Exam-style question 
M, HNO3 = 1 + 14 + (3 x 16) 
= 63 (1) 
concentration = 63 x 0.4 = 25.2 g/dm? (1) 


Activity and Assessment Pack 


$C14c.1 Finding concentration of 
salt in sea water 


If students have planned their own method, it 
should be similar to the method given on the 
worksheet. 


Answers to questions on page 1 
1. students’ own results 


2 a_ mass of salt = mass of evaporating basin 
and salt — mass of empty evaporating 
basin 


b concentration of salt 


_ mass of salt in 20 cm* sea water 
~ 20 
3 Possible errors: salt spits out of basin, which 
results in a lower mass of salt and a lower 
concentration; inaccurate volume of sea water 
measured — if the volume is greater than 
20 cm%, the calculated concentration will be 


x 1000 
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higher than it should be and vice versa for a 
lower volume. 


4 Heat the basin gently so the water evaporates 
slowly / use a boiling water bath to prevent salt 
from spitting out of the basin; use a burette or 
graduated pipette to measure the volume of 
solution more accurately. 


5 Measure the mass of evaporating basin 
and sea water before heating it: mass of 
water = mass of evaporating basin and sea 
water — mass of evaporating basin 
and salt. Then, calculate: 


mass of salt dissolved in 100 g of seawater 


__mass of salt in mass of solution used 
- mass of water in the solution 


x 100 


Answers to questions on page 2 
1. students’ own results 


2 a_ mass of salt = mass of evaporating basin 
and salt — mass of empty evaporating 
basin 


b concentration of salt 


_ mass of salt in 20 cm* sea water 
~ 20 


3. a_ Salt spits out of the basin. 


b Heat the basin gently so the water 
evaporates slowly / use a boiling water 
bath to prevent salt from spitting out of 
the basin. 


x 1000 


4 Measure the mass of evaporating basin 
and sea water before heating it. 


$C14c.2 Calculating concentrations 
of solutions 


1. working to show concentration of solution 


= — x 1000 = 16.0 g dm? 


5 25 
2 concentration = 125 * 1000 
= 20.0 g dm 


3. working to show concentration of solution 


= oa x 1000 = 0.25 mol dm-? 
55:0 
4 concentration = 200 * 1000 
= 0.5 mol dm 
5 working to show concentration of solution 
S 28 = a 
=394 1641 70-9 mol dm 3 
a 32.2 
concentration = 65 + 32 + (4% 16) 
= 0.2 mol dm? 


7 — working to show concentration of solution 
= 0.2 x (23 + 35.5) = 11.7 g dm? 
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8 concentration 
= 0.25 x [(2 x 39) + 32 + (4 x 16)] 
= 43.5 g dm? 


. _ 6.62 
9 concentration = 750 x 1000 


= 26.48 g dm? 
concentration = 26.45 
207 + (2 x 14) + (6 x 16) 
= 0.08 mol dm=-3 
or 
= 6.62 
moles Pb(NO3). = 207 + (2 14) + (6 * 16) 
= 0.02 
._ _ 0.02 
concentration = 750 x 1000 
= 0.08 mol dm=3 


$C14c.3 Solutions — Strengthen 


1. working to show concentration of solution 


_ 2.0 _ 2 
#00 % 1000 = 20.0 g am 


isso Oe. 
2 concentration = 350 x 1000 
= 20.8 g dm 
3. working to show concentration of solution 


= a x 1000 = 0.30 mol dm-3 


0.0015 
75 


= 0.02 mol dm-3 


5 a M,KCl=39+ 35.5 = 74.5 
b working to show concentration of solution 


4 concentration = x 1000 


= 149 _ -3 
= 745 0.2 mol dm 
6 concentration = 1.89 
65 + (2 x 14) + (6 x 16) 
= 0.01 mol dm-3 
7 a M,Na,SO, = (2 x 23) + 32 + (4 x 16) 
= 142 


b working to show concentration of solution 
= 0.2 x 142 = 28.4g dm? 


8 concentration 
= 0.25 x [(2 x 27) + (3 x 32) + (12 x 16)] 
= 85.5 g dm? 


$C14c.4 Concentrations 
Homework 1 


_  _ 0.26 
1. concentration = 100 x 1000 
= 2.6 gdm? 
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2 mass = 2. x 50=0.59 


1000 

3. concentration = carraee x 1000 

= 0.05 mol dm= 

_ 0.05 - 
4 moles = 1000 x 75 = 0.00375 
5 concentration = 202 
39 + 14+ (3 x 16) 
= 0.02 mol dm=? 


6 concentration 
= 0.125 x [(2 x 23) + 12 + (3 * 16)] 
= 13.25 g dm 


$C14c.5 Concentrations and moles 
Homework 2 


1. a_ concentration = 0.05 x (1 + 35.5) 


= 1.825 g dm? 

b concentration = 0.025 x [1 + 14 + (3 x 16)] 
= 1.575 g dm 

c concentration = 0.15 x (39 + 16 + 1) 
=84gdm? 


ds concentration 
= 1.25 x 10°3 x [(2 x 23) + 12 + (3 x 16)] 
= 0.1325 g dm-3 


2 a_ concentration = 0.1 x (39 + 16 + 1) 
= 5.6 g dm? 
5.6 
1000 


mass = 
or 


x 250=1.4g 


_ 0.1 a 
moles = 1000 x 250 = 0.025 


mass = 0.025(39 + 16 + 1)=1.4g 
b concentration = 0.125 x (23 + 35.5) 


= 7.3125 g dm? 
_ 7.3125 - 
mass = “4000. x 100 = 0.73125 g 
or 
_ 0.125 = 
moles = 1000 x 100 = 0.0125 


mass = 0.0125 (23 + 35.5) = 0.73125 g 
c concentration 
= 0.25 x [(2 x 23) + 12 + (3 * 16)] 
= 26.5 g dm 
26.5 
1000 


mass = 
or 


x 75 = 1.98759 


0.25 
1000 
mass = 0.01875[(2 x 23) + 12 + (3 x 16)] 
= 1.9875 g 
d concentration 
=1 x 1078 x [137 + (2 x 35.5)] 
= 0.208 g dm 


moles = x 75 = 0.01875 
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0.208 | 
1000 
=5.2x10-%g 


mass = 25 


or 
1x10° 
——! xX 
1000 
=25x 105 
mass = 2.5 x 10-5 x [137 + (2 x 35.5)] 
=5.2*10%g 


. 1.00 
= 1 
a concentration 100 x 1000 


= 10.0 gdm 


10.0 
23+16+1 


= 0.25 mol dm 


moles = 25 


concentration = 


or 

1.00 
23+16+1 
= 0.025 


concentration = 0.025 
100 


moles NaOH = 


x 1000 


= 0.25 mol dm-3 


_ _ 1.96 
b concentration = 00 


x 1000 


=9.8gdm° 
9.8 


concentration = (2 x 1) +32+(4 x 16) 


= 0.10 mol dm-? 
or 
1.96 
(2 x 1) + 32 + (4 x 16) 
= 0.02 


concentration = 0.02 
200 


moles H,SO, = 


x 1000 


= 0.10 mol dm 


c concentration = O16 
50 


x 1000 


= 3.2 gdm? 
concentration 
- 3:2 
144+ (4x 1)+14+(3 x 16) 
= 0.04 mol dm-3 
or 
moles NH,NO3 


7 0.16 
14+ (4x 1) +14 + (3 x 16) 
= 0.002 


x 1000 


. _ 0.002 
concentration = 5 


= 0.04 mol dm 
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-3 
ds concentration = ot x 1000 
= 0.204 g dm? 
0.204 
108 + 14 + (3 x 16) 


= 1.2 x 10°3 mol dm? 


concentration = 


or 
5.1 x 1073 
les AgNO, = 
moles AINOs = 708 + 14 + (3 x 16) 
=3x10° 
5 
concentration east x 1000 
25 
= 1.2 x 10-3 mol dm-? 
0.1 _ & 
a 4000 * 2 2:9 * 10 
0.01 = of 
b 4000 * 2° 5x 10 
0.136 = - 
c 4000 x 250 = 3.4 x 10 
1.25 x 1073 _ a 
d 4000 x 21.2 = 2.65 x 10 


mass of sodium carbonate used 
= 21.246 — 18.664 = 2.582 g 


2.582 
(2 x 23) + 12 + (3 x 16) 


= 0.0244 


._  _ 0.024 
concentration = 550 x 1000 


= 0.0974 mol dm-$ 


moles Na,CO; = 


or 


_ _ 2.582 
concentration = 250 0 x 1000 


= 10.32 g dm? 


10.32 
(2 x 23) + 12 + (3 x 16) 
= 0.0974 mol dm=-$ 
0.025 


moles = 4000 x 50 = 0.00125 


b Each magnesium nitrate produces 3 ions, 
so total number of ions 
= 3 x 0.00125 x 6.02 x 1078 
= 2.2575 x 10?! 


molecules in 1 dm? 


_ 1.204 x 10°" 
7 25 
= 4.816 x 1022 


concentration = 


x 1000 


4.816 x 10” 
6.02 x 1028 
= 0.08 mol dm-3 


concentration = 


or 
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1.204 x 10°" 
6.02 x 1023 


= 0.002 


moles in 25 cm = 


concentration = e x 1000 


= 0.08 mol dm-3 


S$C14d Titrations and 
calculations 


Student Book 
M% 
ang a_ yellow to orange 


§"4 2 H,SO, + 2KOH — K,SO, + 2H,O 


KO F 7 — 
wie mole ratio HC] : KOH = 1: 1 
_ 35.0 
moles HCl = 0.75 x 7000 
= 0.02625 
moles KOH = 0.02625 
. _ 1000 
concentration KOH = 0.02625 x 35.0 
= 0.75 mol/dm?’ 
% : : 2 oe 
m8 4 mole ratio HNO: am dl 
moles NaOH = 0.14 x 1000 
= 0.0014 
moles HNO; = 0.0014 
concentration HNO, = 0.0014 x eee 
= 0.114 mol/dm? 
ao 5 mole ratio HNO; : KOH = 1: 1 
= 25.0 
moles KOH = 0.275 x 1000 
= 0.006875 


moles HNO; = 0.006875 


volume HNO, = O.R06878 


= 0.0414 dm® = 41.4 cm? 
6 mole ratio Na,CO;:HCl=1: 2 


10.0 
moles Na,CO3 = 0.095 x 4000 


=9.5 x 104 
moles HCl = 2 x 9.5 x 10-4 = 1.9 x 10°3 
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Answers 
volume HCI = 1.9% 107 , 1000 
0.15 
= 12.7 cm? 


$1 Adescription to include these points: rinse a 
burette with hydrochloric acid; fill the burette 
with acid; record the initial volume of acid in 
the burette; use a pipette filler and rinse a 
pipette with sodium hydroxide solution; fill the 
pipette to the 25.0 cm? mark with the alkali; 
empty the alkali into a conical flask/suitable 
container; add a few drops of indicator/suitable 
named indicator; place the flask on a white tile; 
add acid slowly to the flask; swirl the flask; stop 
adding when the indicator just changes colour; 
record the volume of acid left in the burette; 
calculate the volume of acid added; repeat 
the experiment; until concordant results are 


obtained 
E1 mole ratio Na,CO, : HCl = 1:2 
moles HCl = 0.100 x ao 
= 0.00226 
moles Na,CO, = 9.08228 
= 0.00113 
concentration Na,CO, = 0.00113 x ieee 


= 0.0452 mol/dm* 
concentration Na,CO, 
= 0.0452 x [(2 x 23) + 12 + (3 « 16)] 
= 4.79(12) g/dms 


Exam-style question 
mole ratio HCI: KOH = 1: 1 


a 23.3 
moles HCI = 0.100 x 1000 


= 0.00233 (1) 
moles KOH = 0.00233 (1) 


1000 
25.0 


= 0.0932 mol/dm3 (1) 
S$C14d Core practical 
Acid—alkali titration 
Student Book 


1. Wear eye protection as acid could splash into 
eyes during filling of the burette. 


concentration KOH = 0.00233 x 


2 To remove any water or other solution left in 
them from previous use. 


3 Make sure that the section below the tap is 
filled with acid/there are no air bubbles in the 


10 
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burette/the tap is not leaking/there is no acid 
spilt down the outside of the burette. 


4 To make it easier to see the colour change of 
the indicator. 


5 Any one from: there is no sharp change in 
colour, there is only a gradual colour change or 
there are too many different colours. 


6 The point in the neutralisation when the 
indicator just changes colour. 


7 yellow (1) to peach/orange (1) 


8 Results that are the same or very close to 
each other. 


9 a _ 25.30 cm? 


b 25.20 cm? (1) because it is the average of 
the concordant values (1) 


c  Adescription including the following 
points: repeat the titration using 25.0 cm? 
of sodium hydroxide solution and the 
volume of hydrochloric acid calculated 
in (b) but no indicator/methyl orange (1); 
pour the solution into an evaporating basin 
(1); heat the solution/leave the solution 
until all of the water has evaporated (1). 


d number of moles of NaOH used 


_ 25.0 
= 0.100 x 4000 


= 0.00250 mol (1) 
number of moles of HCI used = 0.00250 (1) 


concentration of HCI 


= 1000 
= 0.0025 * 55 50 


= 0.0992 mol dm-? (1) 


10 A burette is more precise as it can be read to 
0.05 cm whereas a measuring cylinder only 
measures to 0.5 or 1 cm*. 


11. An explanation to include: the volume of acid 
should not be affected (1); as there are two 
burette readings and each will have the same 
error (1); the volume of sodium hydroxide will 
be less than 25.0 cm? as the volume is only 
measured once (in each titration) (1). 


Activity and Assessment Pack 
$C14d.1 Core practical 

Acid-alkali titration 

1. students’ own results 

2 mean titre taken from results within 0.2 cm? 


_ 25.0 
3 moles of NaOH = 000 * 0.10 


= 0.0025 
4 moles of HCl = 0.0025 
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Answers 


0.0025 
mean volume HCl * 1000 
(or students can convert cm* to dm? before 
doing the calculation, in which case they do not 
need to multiply by 1000) 


concentration HCl = 


$C14d.2 Titrations and calculations 


1 


a_i (graduated) pipette 


ii to make sure there is no other solution 
or water in it that would dilute the 
sodium hydroxide 

iii Use a pipette filler. 

b__burette 
ci The acid, alkali and salt solution are 


colourless so an indicator is needed to 
see when the solution is just neutral. 


ii methyl orange — yellow to peach/orange 
or 


phenolphthalein — pink to colourless 


d 24.30 cms 


_ 25.0 
a moles of NaOH = 7000 * 0.20 


= 0.005 
moles of HCI = 0.005 
c concentration of HCl 


1000 


= 0.005 * 5340 


= 0.214 mol dm-3 


$C14d.3 Titration experiment 
Strengthen 


1 


The pipette should be filled with sodium 
hydroxide solution, not hydrochloric acid. 


The solution must be on the mark, not above it, 
before being emptied into the conical flask. 


The jet below the tap must be full of acid, not 
empty. 


Remove the funnel from the top of the burette 
instead of leaving it there. 


The phenolphthalein must be added to the 
solution in the conical flask, not to the burette. 


The white tile should be on the burette stand 
with the flask on top, do not stand the burette 
on the white tile. 


The hydrochloric acid is added to the sodium 
hydroxide solution, not the other way around. 


Phenolphthalein changes from pink to 
colourless, not yellow to orange, or methyl 
orange changes from yellow to orange, 
not phenolphthalein. 


Read the volume from the bottom of the 
meniscus, not the top. 
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Sciences 


Answers 


10 Repeat the experiment until concordant results 


are obtained / results that agree to within 


0.2 cm%, this is not necessarily twice more. 
Take the average of the concordant results, 


not all the results. 


$C14d.4 Acid—alkali titrations 
Homework 1 


_ 20.0 
1 a_— moles of NaOH = 7000 * 0.10 


= 0.002 
b = moles of HCI = 0.002 
c concentration of HCl 


_ 1000 
= 0.002 x 425 
= 0.16 mol dm=-$ 
10.0 
2 a_ moles of HCl = 7000 * 0.50 
= 0.005 
b = moles of NaOH = 0.005 
0.005 
c volume of NaOH = 0.20 * 1000 
= 25.0 cm? 
3 a 25.5 
25.55 cm? 


c KOH +HCI— KCI +H,0 


$C14d.5 Titration calculations 
Homework 2 


25.0 
1. moles of NaOH = 7000 * 0.100 
= 0.00250 
moles of HCI = 0.00250 
. _ 1000 
concentration of HCI = 0.00250 x 20.00 
= 0.125 mol dm-? 
2 ~ moles of H,SO, = ae x 0.400 
= 0.00600 


moles of NaOH = 0.0120 


concentration of NaOH 


_ 1000 
= 0.0120 x 10.0 


= 1.200 mol dm-3 


25.00 
3 moles of NaOH = 1000 * 0.250 


= 0.00625 
moles of H,SO, = 0.003125 


concentration of H,SO, 
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= 1000 
= 0.003125 x 556 


= 0.0500 mol dm-? 


10.0 
moles of HCI = 799 * 0.500 = 0.00500 


moles of NaOH = 0.00500 


1000 


volume of NaOH = 0. ee * 9.900 


=25.0c 


sa x 0.100 


= 0.00250 
moles of KOH = 0.00250 


moles of HNO; = 


7 1000 
volume of KOH = 0.00250 x 0.0950 


= 26.3(2) cms 
a concentration of Na,CO, 


1000 
250 


concentration of Na,CO, 


= 1.40 x 


= 5.60 g dm? 


_ 5.6 
~ (2 x 23) + 12 + (3 x 16) 
= 0.0528 mol dm? 


or 
moles of Na,CO, 


_ 1.40 
~ (2 x 23) + 12 + (3 x 16) 
concentration of Na,CO, 


= 1000 
= 0.0132 x 250 


= 0.0528 mol dm-3 


= 0.0132 


b moles of Na,CO; = 0 x 0.0528 


= 0.00132 
moles of HCI = 2 x 0.00132 = 0.00264 
concentration of HCl 


1000 
24.50 


= 0.108 mol dm 
concentration of HCI = 0.108(1 + 35.5) = 
3.94 g dm? 


10.80 
a moles of NaOH = 1000 * 0.100 


= 0.00108 
moles of lactic acid = 0.00108 
concentration of lactic acid 


1000 
25.0 


= 0.0432 mol dm-3 


= 0.00264 x 


= 0.00108 x 
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Answers 


b concentration of original lactic acid 


= 0.0432 x ine = 0.432 mol dm 


concentration of original lactic acid 
= 0.432 [(3 x 12) + (6 x 1) + (3 x 16)] 
= 38.9 g dm? 


SC14e Molar volume of gases ff] 
Student Book 


6*@ 1 Temperature stays the same; pressure 


” stays the same. 
L/S _ 
ee 2 3.x 100 = 300 cm* 

% _ 3 
mg = 3 > 0.1 x 24000 = 2400 cm 
ae 

% 16 _ 
is 4 D4 = 0.67 mol 


mio 5 a amount of Na= 
= 0.2 mol; 


amount of H, = oe 
= 0.1 mol; 


volume of Hz = 0.1 x 24 
= 2.4 dm$ 


tc 5 b-— amount of H, = og = 0.015 mol; 
amount of H,O = 2 x 0.015 
= 0.030 mol: 
mass of H,O 
= 0.030 x 18 
=0.54g 


$1 Avogadro’s law lets you work out volumes of 
reacting gases; use the balanced equation 
to determine the ratio of moles of each gas; 
if one volume is known, the other volumes 
can be calculated. The molar volume is the 
volume of one mole of molecules of any gas; it 
is 24 dm? or 24 000 cm? at room temperature 
and pressure; this can be used to calculate 
the volume of a given amount of a gas; and to 
calculate the amount of a given volume of gas. 


E1 balanced equation: 
Zn(s) + HSO,(aq) — ZnSO,(aq) + H,(g) 


volume of hydrogen in dm? = 1000 x 200 000 
= 2.0 x 108 dm? 


8 
amount of hydrogen = 20 Ne 


= 8.3 x 10° mol 
amount of zinc = 8.3 x 10° mol 
mass of zinc = 65 x 8.3 x 106 
= 5.4 x 108 g (540 tonnes) 
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Exam-style question 


amount of H, = 100. 


= 41.67 mol (1) 


amount of Si = ater 


= 20.83 mol 
mass of Si = 20.83 x 28 
= 583 g (1) 


Activity and Assessment Pack 


$C14e.1 Measuring the molar 
volume of a gas 


1 mass of magnesium and volume of gas 
recorded 


2 amount of Mg: mass (g) + 24 = x moles 


3 amount of H. = same number of moles as 
answer 1 


volume of gas collected (cm*) 
answer 2 

difference between answer 3 and 24 000 cm? 

discussed, e.g. lower/higher/how close 


4 molar volume: 


6 Source of error identified, e.g. gas lost 
between the start of the reaction and replacing 
the bung; gas syringe does not start at 0 cm?; 
balance is only precise to +0.01 g; gas syringe 
is only precise to +1 cm?. 


$C14e.2 Chemical calculations 
1 2g 

20g 

110g 

0.50 mol 

0.75 mol 

2.5 mol 


36 dm? 
120 dm? 
0.60 dm? 


0.50 mol 


0.15 mol 
0.0050 mol 


9 


oo 
q7T7nmo no ToangaTrTeewXs ast 


S$C14e.3 Gas volume calculations 


Strengthen 
1 a 1mol 
b 100 cm3 


2 2x 250 = 500 cm? 


3 a  48000cm? 
b 240 cm? 


13 
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e 
Sciences Answers 
4 a 0.050 mol SC14e.5 Mass and volume 
b 0.0042 mol calculations — Homework 2 
5 a 0.50 mol 1. volume occupied by one mole; of molecules; of 
b 0.50 mol any gas; at room temperature and pressure 
c 12dm% 2 a 180cm% 
d 12 dmé% b 0.0075 mol 
SC14e.4 Gases and calculations 7 oe eee g 
Homework 1 3 a 0.0125 mol 
1 a 160cm° b 0.0125 mol 
b 0.01 mol c 300cm% 
e 029 4 a 0.060 mol 
2 a 0.025 mol b 0.040 mol 
b 0.025 mol c  M,of FeCl, = 162.5; 
c 600 cm? mass of FeCl, produced = 6.5 g 
3 a 0.30 mol 5 a_ methane 30 dm°; steam 60 dm? 
b 0.20 mol b 5.0 mol 
c 11625 c M,of CO, = 44; 
ii 32.59 amount of CO, = 1.25 mol; 


mass of CO, = 55g 


i 3 
4 a 1 30dm 6 amount of Cl, = 7.50 x 10+ mol; 


ii 60 dm? amount of Cu = 7.50 x 10~ mol; 
b = M, of H, = 2; amount of H, = 5.0 mol; mass of Cu = 0.048 g 
mass of H, = 10g % 4 Stem 
b i 18cm 
ii 36cm 
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Sciences 


Answers 


SC15a Fertilisers and the Haber 
process 


Student Book 


M% 
7™@ 1 > These compounds are soluble; 


a 
al potassium nitrate is a source of 
potassium and nitrogen; ammonium 
phosphate is a source of nitrogen and 
phosphorus; they provide elements 
which promote plant growth. 


w% cond ae 
one 2 a Neutralisation; because ammonia is 
. an alkali; and dilute nitric acid is an 

acid. 
% are : 
ee b Oxidation; because ammonia reacts 
/a)6. 


with oxygen/gains oxygen. 


oe 3 Sulfuric acid: sulfur; air; water; 
: ammonia: water; natural gas or coal; air. 
1 / 
mig 4 280,(g) + 0,(g) = 280,(g) 
7 5 To make sure that the reactants are 
ay 
mixed in the right proportions/are not 
wasted/to make the product at the 
required rate. 
M% 


6*g 6 Easily automated so fewer people 
needed; process happens all the time 
without stopping. 


$1 Ammonia solution; is reacted with dilute 
acids/nitric acid/sulfuric acid; in a titration; 
crystallisation is used to obtain dry crystals; 
batch process; small scale. 


$2 Ammonia made by the Haber process; using 
raw materials water, natural gas or coal, air; 
nitrogen and hydrogen react together; in a 
reversible reaction. 
Sulfuric acid made using raw materials 
sulfur, air, water. 
Ammonia and sulfuric acid reacted together 
in a continuous process; large scale. 


E1 Advantages of ammonia: percentage by 
mass of nitrogen is 82.3%. Disadvantages 
of ammonia: it is corrosive; it has an irritating 
smell; it is a gas at room temperature so 
it is difficult to transport and store; unless 
compressed or dissolved in water; it will 
gradually escape into the air after application 
to the soil. 


Advantages of ammonium sulfate: solid at 
room temperature so it is easily transported 
and stored; it is a neutral salt; it will not escape 
into the air. Disadvantages of ammonium 
sulfate: percentage by mass of nitrogen is 
only 21.5%. 
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Exam-style question 


NPK are the chemical symbols for nitrogen, 
phosphorus and potassium (1); these elements 
are needed to promote plant growth/increase crop 
yields (1). 


Activity and Assessment Pack 


$C15a.1 Making ammonium sulfate 

in the lab 

2 Reasons for obtaining less than the theoretical 
yield: practical losses, e.g. during pouring/mixing/ 
sampling for pH/evaporating. The reaction is not 
likely to be incomplete, and side reactions are 
unlikely, but these may be given in the answer. 


$C15a.2 Manufacturing ammonium 

sulfate 

1 a_ Missing names written into the flow 
chart. From top to bottom (left to right): 
ammonia; sulfuric acid; nitrogen; sulfur 
trioxide; hydrogen; natural gas/coal:; air; 
water. 


b 450°C; 200 atm; iron 


$C15a.3 Making fertilisers 
Strengthen 


1. a__ nitrogen; phosphorus; potassium 
b They both contain nitrogen. 


2 a_i sulfuric acid 

ii nitric acid 

titration 
crystallisation/evaporation 


natural gas/coal; water/steam; air 

Haber process 

i oxidation; because ammonia gains 
oxygen/reacts with oxygen 

ii It provides oxygen; needed to react 
with ammonia. 


oe 
qo7n7nmo no Ft 


4 a sulfur 
b water/steam; air 


$C15a.4 Fertiliser manufacture 
Homework 1 
1 nitrogen; phosphorus; potassium 


2 ‘Fertilisers replace minerals/ions/elements used 
by plants; fertilisers promote plant growth/ 
improve crop yields. 
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Answers 


3 a_ Answer could include: the reaction is 
reversible; the reactants are nitrogen and 
hydrogen; the product is ammonia; all 
three substances are gases; 1 mole of 
nitrogen reacts with 3 moles of hydrogen; 
to produce 2 moles of ammonia. 


natural gas/coal 
air 


ammonium nitrate solution 


Tro ao fF 


Nitrogenous fertilisers contain nitrogen; 
the salt contains nitrogen; the salt is 
soluble. 


5 a_ laboratory process: small scale; batch 
industrial process: large scale; continuous 
titration 


c i Concentrated sulfuric acid is corrosive/ 
ammonia gas is corrosive/ammonia gas 
is toxic. 


ii exothermic 


$C15a.5 Nitrogenous fertilisers 
Homework 2 


1 nitrogen; phosphorus; potassium 


2 Fertilisers replace minerals/ions/elements used 
by plants; fertilisers promote plant growth/ 
improve crop yields. 


3. The reaction is reversible; the reactants 
are nitrogen and hydrogen; the product is 
ammonia; all three substances are gases; 
1 mole of nitrogen reacts with 3 moles of 
hydrogen; to produce 2 moles of ammonia. 


4 a-_ Concentrated sulfuric acid is corrosive; 
ammonia gas is corrosive/toxic. 


b i The reaction is exothermic, so it 
transfers energy to the surroundings by 
heating. 

i The water is heated because the 
reaction is exothermic/transfers energy 
by heating. 

c The laboratory process must be restarted 

each time a batch of ammonium sulfate 
is made; in the industrial process sulfuric 
acid and ammonia can be added to 

the reactor continuously; and the dry 
ammonium sulfate can be removed 
continuously. 


5 a i S+O,—SO, 
ii 250, + O, = 280; 
iii H,O+ SO, — H,SO, 
It increases the rate of reaction. 


c Oxidation; because the reactants gain 
oxygen/react with oxygen. 
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a 


3NH, + HPO, — (NH,)3PO, 
i Ca,(PO,)2 + 3H2SO, 
=? 3CaSO, + 2H3PO, 


ii It could sell the calcium sulfate to a 
plasterboard manufacturer. 


Stage 1: 4NH3 + 50, — 4NO + 6H,O0 
Stage 2: 2NO + O, — 2NO, 
Stage 3: 4NO, + O, + 2H,0 — 4HNO; 


SC15b Factors affecting 
equilibrium 
Student Book 


Me 1 Catalysts do not change the position 
Ca? fgeieci : : 
of equilibrium; unlike changes in 
temperature, pressure or concentration; 
but they do increase the rate of 
attainment of equilibrium; like changes in 
temperature, pressure or concentration. 
ra 2 It may take too long to reach equilibrium; 
os and would not produce an acceptable 
yield in an acceptable time. 
an 3 High pressures would increase the rate 
Cas? ; : ; 
of reaction; and the yield of ammonia; 
but are expensive to achieve. Low 
temperatures would increase the 
equilibrium yield of ammonia; but would 
give a low rate of reaction. 
So 4 Both involve the reaction of nitrogen 
as monoxide with oxygen to make nitrogen 
dioxide; both involve making nitric acid; 
by dissolving nitrogen dioxide in water 
in the presence of air/reacting nitrogen 
dioxide with oxygen and water. 
So 5 Similarity: both involve a reaction to 
- produce nitrogen monoxide. 
Differences: 
Birkeland—Eyde Ostwald process 
process 
oxygen reacts with oxygen reacts with 
nitrogen ammonia 
3000°C 220°C 
yield is about 4% yield is about 95% 
normal pressure 4 atmospheres 
pressure 
large amount of smaller amount of 
electricity/energy energy needed 
needed 
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cog 6 The forward reaction is exothermic; so 
the backward reaction is endothermic; 
a low temperature increases the 
equilibrium yield of nitrogen monoxide; 
but the reaction rate is low, so 220°C is 
a compromise; to get a reasonable yield 
in an acceptable time. More molecules 
of gas on the right of the equation/ 
9 moles on the left and 10 moles on the 
right; so a low pressure increases the 
equilibrium yield of nitrogen monoxide; 
but a very low pressure gives a low 
rate of reaction, so pressure is a 
compromise; to get a reasonable yield 
in an acceptable time. Platinum catalyst 
increases the rate of reaction. 


$1 The time taken decreases if a catalyst is 
added; and/or if there is an increase in 
temperature, pressure of reacting gases, 
concentration. 


$2 Conditions are chosen to make an acceptable 
yield of product in an acceptable time; the 
effect of temperature/pressure/concentration/ 
catalyst on the rate of reaction and equilibrium 
yield are considered. One reaction pathway 
may be chosen over another depending 
on factors such as availability/cost of raw 
materials/energy supplies; rate of reaction; 
equilibrium position. 


E1 High temperatures increase the rate of 
attainment of equilibrium; and rate of reaction; 
but may reduce the equilibrium yield; and 
may be too expensive to be worthwhile; the 
temperature chosen may be a compromise. 
High pressures increase the rate of attainment 
of equilibrium; and rate of reaction; in reactions 
involving reacting gases; but may reduce the 
equilibrium yield; and may be too expensive to 
be worthwhile; the pressure chosen may be a 
compromise. 


Exam-style question 


The rate must be high because: 50°C is not very 
high (for an industrial process) (1); so no need to 
heat the reactants further to increase the rate (1). 


Activity and Assessment Pack 
$C15b.1 Making an ester 


1. Tube A should smell of pear more than tube 
C does, showing that the rate of reaction was 
greater; so sulfuric acid acted as a catalyst. 
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Tubes A and C should smell of pear more than 
tubes B and D do, showing that the rate of 
reaction was greater; so equilibrium is reached 
faster at higher temperatures. 


You cannot be sure that the reactions have 
reached equilibrium; reason given, e.g. it may 
not be a closed system; the concentrations of 
substances may still be changing. 


S$C15b.2 Reaching equilibrium 


1 


a___ The balanced equation has the reversible 
symbol; =. 
b i Itis the same. 
ii They do not change; they are constant. 
c i Time is decreased. 
ii Time is decreased. 
a i 4 
ii 2 
b_ The forward reaction is exothermic; so the 
backward reaction is endothermic; if the 
temperature is increased, the position of 


equilibrium moves in the direction of the 
endothermic change. 


c i Time is decreased. 
ii no change 
iii no change 


$C15b.3 Choosing reaction 
conditions — Strengthen 


1 


a __underlined: increase in temperature; 
increase in pressure; increase in 
concentration 


b _underlined: increase in temperature; 
adding a catalyst 


‘Decreased’ column ticked for all four rows 


a__ Ahigh pressure increases the rate of 
reaction; and the equilibrium yield; but 
increases costs; a very high pressure 
would be too expensive. 


b  Acatalyst does not increase the 
equilibrium yield; but it increases the rate 
of reaction; and increases the costs only 
a little. 


c_ Very low temperatures decrease the 
rate of reaction; very high temperatures 
increase the rate of reaction; but decrease 
the equilibrium yield; and increase costs; 
450 °C is a compromise. 
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$C15b.4 Making methanol 
Homework 1 


1 Two from: increasing temperature; increasing 
pressure (if reacting gases are involved); 
increasing concentration (if reacting solutions 
are involved). 


2 a_i Steam is readily obtained by heating 
water, e.g. from rivers or lakes; 
methane is more expensive. 


The reaction is endothermic so energy 
is gained from the surroundings; water 
must be heated to make steam. 


b Two from: the forward reaction is 
endothermic/takes in energy; position 
of equilibrium moves to the right (making 
more synthesis gas); rate of reaction 
is higher. 
c i Sulfur compounds must be removed; 
because sulfur poisons the catalyst/ 
stops the catalyst working. 


ii Natural gas contains fewer sulfur 
compounds; so purification is cheaper. 


d i The energy can heat the reaction 
mixture (for making synthesis gas). 


ii Synthesis gas from natural gas 
contains more hydrogen. 


Methanol production needs 2 mol of 
hydrogen; synthesis gas from natural 
gas contains 3 mol (per mole of CO); 
but synthesis gas from coal only 
contains 1 mol of hydrogen. 


SC15b.5 Reaction pathways 
Homework 2 


1 a_i Increases the rate. 
ii no change/no effect 
b_ i_ Increases the rate. 


ii Very high pressures are expensive/ 
cost more than the value of the extra 
product made. 


c i Equilibrium yield reduced; because the 
forward reaction is exothermic; and the 
position of equilibrium moves in the 
direction of the endothermic reaction. 
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ii The reaction is exothermic; so energy 
is transferred to the surroundings by 
heating; a lower temperature produces 
a higher equilibrium yield of methanol. 


a___ Two from: to increase the equilibrium 
yield of synthesis gas; to increase the 
rate of reaction/rate of attainment of 
equilibrium; to provide energy needed for 
the endothermic reaction. 


b i equilibrium yield increased 


ii Two from: steam is readily obtained by 
heating water, e.g. from rivers or lakes; 
methane is more expensive; unreacted 
steam is more easily recycled. 


c i Sulfur compounds must be removed; 
because sulfur poisons the catalyst/ 
stops the catalyst working. 


ii Natural gas contains fewer sulfur 
compounds; so purification is cheaper. 


Advantages of natural gas: synthesis gas 
produced from it contains enough hydrogen/ 
more than enough hydrogen to react with the 
carbon monoxide; excess hydrogen could be 
used as a fuel; synthesis gas contains fewer 
sulfur/sulfur compounds; cheaper to purify. 


Disadvantages of coal: synthesis gas produced 
from it does not contain enough hydrogen to 
react with the carbon monoxide; so additional 
coal is needed; synthesis gas contains more 
sulfur/sulfur compounds; more expensive to 
purify. 


Conclusion as to which raw material (natural 
gas or coal) is better, and supported by 
information in the answer. 
a = x 100 = 12.5% 
32 
b i 2, 100 = 6.7% 
30 
ii » x 100 = 17.6% 
34 
c_ There is only one product; so all the atoms 


in the reactants become atoms in the 
useful/desired product. 
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SC16a Chemical cells and 
fuel cells 


Student Book 


so 1 It contains solutions/liquids. 


Cas? 


og 2 The mass of zinc goes down; because 
. zinc sulfate forms from the reaction 
between zinc and copper sulfate 
solution; the mass of copper goes up; 
because copper forms from the reaction 
between zinc and copper sulfate. 
a3 3 2H, + 0, 2H,0 


eo’ 4 Hydrogen is oxidised; because it loses 
electrons; to form hydrogen ions. 


™@ 5 Hydrogen—oxygen fuel cells use 
hydrogen; which reacts with oxygen to 
produce water only; but the hydrogen 
may be made by reacting steam with 
coal or natural gas; which produces 
carbon dioxide as a by-product. 


6 6 Once the car is fuelled, it will travel a 
similar distance to petrol- or diesel- 
powered cars; but you may live a 

long way from a filling station; this is 
inconvenient/fuel is wasted just getting 
to the filling station; the effective range 
is half the distance to the nearest filling 
station; you are more likely to live near a 
filling station providing fuel for a petrol- 
or diesel-powered car. 


$1 Chemical cells contain reactants; such as two 
different metals and solutions of their salts; 
reactions between these produce a voltage; 
until one of the reactants runs out. Fuel cells 
use reactions involving a fuel and oxygen; 
supplied to the fuel cell; to produce a voltage; 
hydrogen—oxygen fuel cells use hydrogen fuel; 
their only product is water. 


$2 Strengths of using a fuel cell: produces a 
voltage as long as it is supplied with fuel/ 
hydrogen and oxygen/air; only product is 
water; which is not a greenhouse gas; does not 
need recharging using mains electricity (unlike 
a battery); fits into engine bay. Weaknesses of 
using a fuel cell: hydrogen must be stored in 
the car; fuel will run out/need replacing; there 
are few hydrogen stations for refuelling (unlike 
electrical outlets to recharge a battery). 


E1 Hydrogen—oxygen fuel cells produce electricity; 
for as long as hydrogen and oxygen are 
supplied; the only product is water; the 
astronauts could drink the water; solar 
cells produce electricity in the light; 
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hydrogen—oxygen fuel cells produce electricity 
even in the dark; hydrogen and oxygen could 
be produced by the electrolysis of water; using 
electricity from the solar cells. 


Exam-style question 


CzH50H + 30, — 2CO, + 3H2,0 
(1 mark for formulae; 1 mark for balancing) 


Activity and Assessment Pack 
$C16a.1 Making chemical cells 


1 Thesum of the voltages for the zinc—iron cell 
and iron—copper cell equals/approximately 
equals the voltage for the zinc—copper cell. 


2 The largest voltage is between zinc and copper 
(furthest apart in the reactivity series); smaller 
voltages are between zinc and iron, and iron 
and copper. 


S$C16a.2 Cell voltages 


1 As the reactivity decreases, the half-cell 
voltage increases/becomes more positive/less 
negative. 

+0.80 - (+0.34) = +0.46 V 

+0.34 - (0.00) = +0.34 V 

+0.34 - (-0.44) = +0.78 V 

-0.44 - (-0.76) = +0.32 V 


3 Calcium-silver 


ao oOo 


Explanation, e.g. calcium half-cell has the most 
negative voltage and silver half-cell has the 
most positive voltage; these two metals have 
the greatest difference in reactivity. 


calculated voltage = +0.80 -(-2.87) = +3.67 V 


4 a 0.00V 
b 1.23 - (0.00) = +1.23 V 


S$C16a.3 Chemical cells and 
fuel cells — Strengthen 


1 a-= zinc 


b exothermic 

c by electricity 

d_ It falls to zero/there is no voltage. 
2 a_ hydrogen 

b water 

a 


The fuel cell has no moving parts (but 
petrol and diesel oil engines do). 


b_ The platinum catalyst is expensive. 


c_ There are few filling stations; so the car 
may not be able to travel far from one. 


Edexcel GCSE (9-1) 


Sciences 


Answers 


$C16a.4 Electricity from chemical 
reactions — Homework 1 


1 a_ Zinc; because it becomes zinc oxide/gains 


oxygen. 
b Powders have a larger surface area to 


volume ratio than strips or rods; so the cell 
reactions happen faster/more efficiently. 


c_ These batteries produce a voltage 
until one of the reactants is used up; 
zinc will get used up; zinc is limiting/ 
manganese(IV) oxide is in excess. 


water 


cell Y; because fuel cells produce a voltage as 


long as the reactants are supplied 


4 Similarities: both produce carbon dioxide and 
water vapour; both could need fossil fuels/non- 


renewable fuels/finite resources. 


Differences: fuel cell can use plant material/ 


renewable fuels; fuel cell has no moving parts/ 


generator has moving parts; fuel cell is very 
quiet/generator is noisy. 


$C16a.5 Electrochemical cells and 
fuel cells — Homework 2 


1 a Oxidised; because it becomes zinc oxide/ 


gains oxygen/loses electrons. 


b Hydroxide ions are used in the zinc half- 
cell; but produced in the manganese(IV) 


oxide half-cell; in the same amount. 


c Powders have a larger surface area to 
volume ratio than strips or rods; so the 


zinc reacts with hydroxide ions faster/more 


readily. 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


4 


d_ These batteries produce a voltage 
until one of the reactants is used up; 
zinc will get used up; zinc is limiting/ 
manganese(IV) oxide is in excess. 

a 2H,+O,— 2H,0 

b Chemical cells produce a voltage until one 
of the reactants is used up; so the voltage 
falls after a while. Fuel cells produce 


a voltage as long as the reactants are 
supplied; so the voltage stays the same. 


Strengths of fuel cells: fuel could be made from 
plant material/renewable resource; no moving 
parts; very quiet. 

Weaknesses of fuel cells: fuel could be made 
from natural gas/non-renewable resource; 
products include carbon dioxide/greenhouse gas. 


Strengths of generators: none from the 
information given. 


Weaknesses of generators: fuel is made from 
a non-renewable/finite resource; products 
include carbon dioxide/greenhouse gas; it has 
moving parts; it is noisy in use. 


Conclusion, e.g. fuel cell is better because it 
has no moving parts (so may be more reliable); 
its fuel could come from a renewable resource. 


a They contain hydroxide ions/OH" ions; 
which are produced by alkalis; when 
dissolved in water. 


1 
b H,(g) + 5 O2(g) > H20(!) 
c cell voltage = +0.40 - (-0.83) = +1.23 V 
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Sciences 


Answers 


S$C17a Group 1 
Student Book 


oe 1 Because they have similar reactions/ 

. chemical properties/same number of 
electrons in their outer shell. 

M% 


6*g 2 They have relatively low melting points 
and are soft/easily cut. 


a sodium + oxygen > sodium oxide 
ce b sodium + water > sodium hydroxide 
+ hydrogen 


7™@ 4 The caesium explodes. 


seg 5 The sodium ion has two shells with 

two dots (crosses) in the first shell and 
eight dots (crosses) in the second shell. 
The oxide ion has two shells with two 
crosses (dots) in the first shell and eight 
crosses (dots) in the second. 


an 6 = Alkali metals form an ion with a 1* charge 


a 
— because they have one electron in their 
outer shell and this is lost when they form 
an ion. Having lost one electron, this 
leaves one extra proton with a 1* charge. 


m7 a to stop them reacting with oxygen 


aw is is 
(and water) in the air 

ra b ~~ Rubidium will be more reactive 

ini than sodium but less reactive than 
caesium. 


on 8 When alkali metals react they lose their 


Yue 
Calas Fi 7 
outer electrons. Potassium is more 

reactive than sodium as its atoms are 
larger and the outer electrons are further 
away from the nucleus. Thus it is easier 
to remove the electrons from potassium 
atoms so it reacts more easily. 


L / 
ae 9 [] 4K + O, > 2(K*)202 


$1 Lithium, sodium and potassium are three 
examples of alkali metals. 


All alkali metals are malleable, conduct 
electricity, have relatively low melting points, 
are soft and easily cut and react quickly with 
oxygen (forming metal oxides) and water 
(forming metal hydroxides and hydrogen). 


E1 a Caesium is more reactive than rubidium 
because its atoms are larger and the outer 
electrons are further away from the nucleus. 
Thus it is easier to remove the electrons 
from caesium atoms so it reacts more easily. 


b]]2Rb + 2H,0 > 2Rb*OH- + Hz 
2Cs + 2H,O0 > 2Cs*OH + He 
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Exam-style question 
a  2K+2H,0 (1) > 2KOH + H, (1) 


b Because caesium is too reactive and 
dangerous. (1) 


Activity and Assessment Pack 
SC17a.1 The alkali metals 


1 Students’ own tables 


2 Compared to common metals such as iron and 
copper, the alkali metals are generally softer, 
and have lower melting points, boiling points 
and densities. Both are good conductors of 
electricity. 
3 a_ lithium + oxygen > lithium oxide 
ALi(s) + O,(g) > 2Li,O(s) 
sodium + oxygen > sodium oxide 
4Na(s) + O,(g) > 2Na,O(s) 
potassium + oxygen > potassium oxide 
4K(s) + Oz (g) > 2K,0(s) 
b lithium + water — lithium hydroxide 

+ hydrogen 
2Li(s) + 2H,O(I) > 2LiIOH(aq) + H,(g) 
sodium + water - sodium hydroxide 
+ hydrogen 
2Na(s) + 2H,O(I) > 2NaOH(aq) + H,(g) 
potassium + water — potassium hydroxide 
+ hydrogen 
2K(s) + 2H,O(I) > 2KOH(aq) + H.(g) 

4 lithium < sodium < potassium 


Reactivity increases down the group in the 
periodic table. 


6 The larger the atoms (the further from the 
nucleus the outer electrons) the more reactive 
the alkali metal. 


7 ~The melting points, boiling points and hardness 
of elements decreases down the alkali metal 
group. 


$C17a.2 The alkali metals 


Strengthen 
1 a- soft 
blow 
c float 


2. The lithium drawing should show a solid piece 
of metal forming bubbles of gas on the surface 
of the water. 


bubbles; melt; flames 


3 sodium hydroxide; Na; 2: H, 
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4 _ The least reactive of these metals is — lithium. 


After cutting, these metals become dull — as 
they react with oxygen. 


When alkali metals react — their atoms lose 
one electron. 


The most reactive alkali metals — have the 
largest atoms. 


The metals with the largest atoms — lose 
electrons more easily. 


Of these, the metal with the largest atoms is 
— potassium. 


$C17a.3 Chemical equations — 

Extend 

1. When alkali metals react they lose their outer 
electron; this is easier the further away the 
outer electron is from the nucleus. Therefore, 
the reactivity will increase as the size of the 
atoms increases going down the group of alkali 
metals. 


2 a_i lithium + water > lithium hydroxide 
+ hydrogen 
ii rubidium + oxygen > rubidium oxide 
b i 2Cs+2H,0 > 2CSOH + Hp 
ii 4K + O, > 2K,0 
ci 2K(s) + 2H,O(l) > 2KOH(aq) + H,(g) 
ii 4Li(s) + O(g) > 2Li,O0(s) 
d= i 2Rb + 2H,0 > 2Rb* + 20H" + Hy 
or 2Rb(s) + 2H,O(I) 
> 2Rb*(aq) + 20H (aq) + H2(g) 
ii 2Li + 2H,O > 2Li* + 2OH- + Hy 
or 2Li(s) + 2H,O(I) 
> 2Li*(aq) + 20H (aq) + H(g) 
3 a Compared to iron, sodium will have lower 
melting and boiling points. 


b Compared to iron, sodium will have a 
lower density. 


c_ lron and sodium will have similar 
conductivity properties. 


d Compared to iron, sodium will be softer. 


$C17a.4 Group 1 — Homework 1 


1 Thenames of the groups are: group 1 — alkali 
metals, group 7 — halogens and group 0 — 
noble gases. The symbols for the group 1 
elements are, in order: Li, Na, K. 


2aésY 
b potassium 


c lithium 
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d_ sodium + water > sodium hydroxide + 
hydrogen 
2Na + 2H,O0 > 2NaOH + H, 


3 Qis the alkali metal because it has the 
lowest melting and boiling points and is soft, 
compared to the other three metals. 


$C17a.5 Group 1 — Homework 2 


1. Rubidium would vigorously burst into flames/ 
rubidium would explode. 


2  2Rb(s) + 2H,O0(1) > 2ZRbOH(aq) + H2(g) 
2Li(s) + 2H,O(I) > 2LIOH(aq) + H2(g) 


3. a_ The sodium reacts with the oxygen in the 
air OR the sodium oxidises OR sodium 
oxide is formed. 

b The metal would be above sodium in the 


periodic table as it is less reactive than 
sodium. 


4 a _ lithium + oxygen > lithium oxide 
b 4K(s) + O,(g) > 2K,O0(s) 


5 a_ Missing information (from top left) is: 
3; 2.1; 2; 11; 2.8.1; 3; 2.8.8.1; 4. 


b Because they contain more occupied 
electron shells. 

c When alkali metals react they lose their 
outer electron; this is easier the further 
away the outer electron is from the 
nucleus. Therefore, the reactivity will 
increase as the number of occupied 
electron shells increases. 


6 Y is the alkali metal as all alkali metals are 
relatively soft, low melting point metals. 


7 40°C 45°C 


as melting points are decreasing down the 
group, with the gap between them getting 
smaller as we go down the group 


8 2Cs+2H,0 > 2Cs* + 20H + Ho 
OR 


2Cs(s) + 2H,O(l) > 2Cs*(aq) + 2OH-(aq) 
+ H,(g) 


SC17b Group 7 
Student Book 
6g 1 The colour gets darker/deeper. 


7 2 ~All halogens (any two from): exist as 
two-atom molecules; are non-metals; 
are poor conductors of heat and 
electricity; react with metals and 
non-metals; are toxic/corrosive. 
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Sciences Answers 


ma 3. a_ pale yellow gas cog 9 When hydrogen fluoride dissolves it 
pail = splits into H* and F- ions. The H* ions 
ae b melting point about —-200 + 80 °C make it an acid called hydrofluoric acid. 
peng point about -—130 + 80 °C at 10 a 2Na+l,—2Nal 
density less than 0.003 g/cm? pad 
7 4  Na* and F- mie nearer 
pat $1 The halogens chlorine, bromine and iodine are 
6g 5 a calcium fluoride all: non-metallic elements; two-atom molecules 
i \d 
Me, (held together by covalent bonds); reactive 
mis b F,(g) + Ca(s) > CaF,(s) with metals; toxic and corrosive. 
oe 6 a Chlorine is used as bleach and a The trends down the group of halogens 
e disinfectant. are: melting/boiling points increase; density 
1 / H . 
oe b Care is needed not to breathe in increases; colour'gets darker. 
. chlorine fumes. E1 a_ react bromine with sodium metal: 
ong c The test for chlorine is that it turns Br2(g) + 2Na(s) > 2NaBr(s) 
" damp blue litmus paper red at first, b (i) react hydrogen gas and bromine: 
and then bleaches it white. H.(g) + Bro(g) > 2HBr(g) 
m3 7 a chlorine would be a liquid; bromine (il) pacistanl eliag = in water to 
and iodine would be solids orm hydrobromic acid: 
Me, b. -thion Abra ld b HBr(g) + (aq) > H*Br-(aq) or 
ww psi anus Nicaea eae daeaortgan HBr(g) > H*Br-(aq) (other answers are 
gases; iodine would be a liquid acceptable) 
7 8 a_ lithium + chlorine > lithium chloride . 
= Exam-style question 
3 b hydrogen + fluorine > hydrogen Astatine should be a black solid (1) as it is at the 


fluoride bottom of the halogen group and the elements get 
darker and melting points increase down the group 
(1) (iodine, just above it, is a purple/black solid). 


Activity and Assessment Pack 
SC17b.1 Properties of halogens 


1 Other answers are possible for sources and uses. 


Formula | Appearance Sources Uses 
chlorine Cl, pale green gas; smells chloride in sea salt | bleaches, disinfectants and 
choking, like swimming pools water treatment 
bromine Bro brown liquid bromide in sea salt | disinfectants and pesticide 
iodine I, purple/black solid iodide in sea salt disinfectants 
other medicines 


2 
Atomic Atomic Bonding and structure | Melting point (°C) | Boiling point (°C) | Density 
number size (pm)* (g dm) 
17 99 covalent molecular —101 -35 3.2 
35 114 covalent molecular —7 59 3120 
53 133 covalent molecular 114 184 4930 


* covalent radius, other values possible 
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3. They are all covalent molecular with two atoms SC17b.2 Equations for the reactions 
in each molecule (formula X;). of halogens 
Both increase. 1. a_ hydrogen + chlorine > hydrogen chloride 
melting point = 250°C + 80 °C b sodium + bromine — sodium bromide 
boiling point = 350 °C + 80 °C 2 a Br,(l) + 2Na(s) > 2NaBr(s) 
6 Fluorine is a pale coloured gas and astatine is b  H,(g) + F2(g) > 2HF(g) 
a black solid. 3. a Br,(l) +H,(g) -» 2HBr(g) 
7 Increasing atomic number means increasing b  F.(g) + Fe(s) > FeF.(s) 
numbers of electrons/electron shells, which a ; : a 
account for most of the volume of an atom, so 4 a iodine + magnesium > magnesium iodide 
atomic size increases with atomic number. |,(s) + Mg(s) > Mgl,(s) 
8 Place moist blue litmus paper in chlorine and it b chlorine + potassium ~ potassium chloride 
first goes red then bleaches white. Cl,(l) + 2K(s) > 2KCI(s) 
ce chlorine + hydrogen > hydrogen chloride 
Cl,(I) + H2(g) > 2HCI(g) 
5 a_ 3F,(l) + 2Al(s) > 2AlF3(s) 
b = 2Br,(l) + Pb(s) > PbBr,(s) 
c  2Li(s) + F2(g) > 2LiF(s) 
d_ 5Cl,(g) + 2P(s) > 2PCI,(s) 
$C17b.3 Group 7 — Strengthen 
1 
Halogen Symbol Formula Colour State 
chlorine Cl Cl, pale green gas 
bromine Br Bro brown liquid 
iodine | I, purple/black solid 


missing text: halogens; molecular; two; covalent 


2 a_ increase 
b 300°C 
3 a_ hydrogen + iodine > hydrogen iodide 
b copper + chlorine > copper chloride 
c hydrogen chloride + water 
— hydrochloric acid 
4 a _ iodine < bromine < chlorine 


b__ Both fluorine and astatine would react 
with metals, forming metal halides, and 


with hydrogen, forming hydrogen halides 


(which are acidic). Fluorine would be 
the most reactive and astatine the least 
reactive. 


S$C17b.4 Group 7 — Homework 1 


1. Across: 4 iodide, 5 fluoride, 7 covalent, 8 two, 


9 brown, 10 chlorine 


Down: 1 acid, 2 hydrochloric, 3 lead, 5 fluorine, 


6 bromine 


2 a_ increasing 
b gas; —200 °C + 50 °C 


3 sodium + iodine > sodium iodide 
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H2(g) + F2(g) > 2HF(g) 


There would be a slow change in colour 
(on heating). It would be less reactive than 
the other three halogens as the trend is to 
become less reactive down the group. 


The product formed would be called zinc 
astatide. 


Place moist blue litmus paper in chlorine 
and it first goes red then bleaches white. 


S$C17b.5 Group 7 — Homework 2 


1 a_ Chlorine is a pale green gas, bromine is a 
brown liquid and iodine is a purple/black 
solid. 

b___Astatine is predicted to be a dark/black 
solid. 

2 covalent bonding 

3 a Scatter graph with axes correctly labelled, 


scales chosen to include all data (including 
the atomic number of astatine: 85) and to 
fit graph. 

b__ Best fit line giving a prediction of relative 
atomic mass of 210 + 5. 
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4 a _ Scatter graph with axes correctly labelled, 
scales chosen to include all data (including 
the atomic number of astatine: 85) and to 
fit graph. 

b Best fit line giving predicted melting point 
of about 300 °C + 80 °C. 


5 a Cl,(g) + 2Ag(s) > 2AgCl(s) 
b = 3Br,(l) + 2Al(s) > 2AIBr3(s) 


6 Place moist blue litmus paper in chlorine and it 
first goes red then bleaches white. 


7 a_i F,(g) + H(g) > 2HF(g) 
ii F.(g) + Zn(s) > ZnF,(s) 
b_ The reaction of fluorine with zinc foil 


would be very violent/the zinc would burn 
violently in fluorine. 

ci hydrofluoric acid 
ii H* and F- 

d_ The pH value will be about 3.0 (+ 0.5). 
Explanation: As we go down the group the 
decrease in pH value gets smaller so the 
decrease between fluorine and chlorine 
will be slightly greater (1.0) than the 
difference between chlorine and bromine 
(0.8). 


8 a Scatter graph with axes correctly labelled, 
and scales chosen to include all data, the 
period number of astatine (6) and to fit 
graph paper. 

b Scatter graph with axes correctly labelled, 
and scales chosen to include all data, the 
atomic number of astatine (85) and to fit 
graph paper. 


9 The predicted value using period number 
will be slightly lower than that using atomic 
number. 


SC17c Halogen reactivity 
Student Book 


7s 1. a_ iron+astatine — iron(IIl) astatide 
y Ls 
M% a 
7™3 b Much slower as reactivity decreases 
y | 


down the group (and astatine is at 
the bottom). 


urs 2 Mg+l,—>Mgl, 


7g 3  Br.+LiCl as the bromine is less reactive 
than chlorine (and cannot displace it 
from its salts). 


we 4 Cl(g) + 2Nal(aq) > I.(aq) + 2NaCl(aq) 
S10: 5 A brown/black colour will appear. 
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Answers 


mio 6 Fluorine is the most reactive halogen; 
as it has the smallest atoms; which 
attract incoming electrons most strongly; 
and therefore forms ions most readily. 
Astatine is the least reactive halogen; as 
it has the largest atoms; which have the 
least attraction for incoming electrons; 
and therefore form ions least readily. 


s*@ 7 aj loss and gain of electrons 


og b J The Na(s) is oxidised and the Br,(g) 
is reduced. As the metal/sodium 
atom (with one electron in its outer 
shell) loses one electron to form 
a positive ion and the non-metal/ 
bromine atom (with seven electrons 
in its outer shell) gains one electron 
to form a negative ion. 

1 / 


ge 8H] Br,(9) + 2K*H-(aq) ~* (aq) + 2K°Br(aq) 
i (could have I,(s) or I,(g)) 


$1 Any clear, appropriate way of displaying the 
trends through the group. An example is given 


below. 

Trend in | Explanation of trend 

reactivity 
fluorine | reactivity A] size of increasingA| increasing 
chlorine | increases] | atoms attraction || ease of 
Bonnie decreases || for forming 
—— electrons ||ions 
iodine 


(Other answers are possible.) 


E19JA displacement reaction such as: 
F2(g) + 2K*Br-(aq) > Br,(aq) + 2K*F-(aq) 
This is a redox reaction as the F.(g) gains 
electrons — reduction (and becomes 2F-) — and 


the Br-(aq) loses electrons — oxidation (and 
becomes Br,). 


Exam-style question 
The trends down the groups are: 


e group 1: melting point decreases and reactivity 
increases (1) 


e group 7: melting point increases and reactivity 
decreases (1). 


These groups show opposite trends (1). 
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$C17c.1 Displacement reactions 


Answers 


Page 1 
1 
Potassium chloride | Potassium bromide | Potassium iodide Extra challenge 
solution solution solution effect on blue 
litmus paper 
Halogen 
chlorine water x v Jv quickly turns blue 
litmus red then 
bleaches 
bromine water x x J turns blue litmus 
red and bleaches 
very slowly or not 
at all 
iodine water x x x no change in blue 
litmus paper 


2 chlorine > bromine > iodine 2 chlorine > bromine > iodine 
The more reactive halogens will take part in The reactivity decreases down the group. 
mane displaeanie ity te echoes 4 Only halogens higher up the group can 
3 Fluorine will be the most reactive and displace halogen (halide) ions further 
astatine will be the least reactive, as reactivity down the group. 
decreases downline Qroup: 5 It will be the most reactive, as reactivity 
4 Sample answer (other answers possible). decreases down the group. 
When chlorine reacts with potassium bromide 6 It will be the least reactive as reactivity 
Cl,(aq) + 2KBr(aq) > 2KCl(aq) + Br2(aq) decreases down the group. 
the chlorine atoms form potassium chloridel 7 Because mixing some solutions makes 
chloride ions/lose electrons. the colour paler as the solution is diluted. 
The bromide ions form the element bromine! 8 React the three halogens with something 
bromine molecules/gain electrons. else (e.g. a metal) and note the difference 
: _ in reactivity. 
5 ‘The trend in reactivity was that the halogens 
are more reactive near the top of the group. ee Ee 
This fits with the displacement reactions, as SC17c.2 Thinking about halogens 
the halogens near the top of the group can 1. a_ sodium bromide + chlorine — sodium 
displace halogen/halide ions from solutions chloride + bromine 
of those further down the group, and are 2NaBr(aq) + Cl(g) > 2NaCl(aq) + Br,(aq) 
therefore more reactive. oe : ; : 
b missing words: displacement, displacing, 
Page 2 compound 
1 
Potassium | Potassium | Potassium iodide | Extra challenge 
chloride bromide solution effect on blue litmus paper 
solution solution 
Halogen 
chlorine water | X J Jv quickly turns blue litmus red then 
bleaches 
bromine water | xX x v turns blue litmus red and bleaches very 
slowly or not at all 
iodine water x x x no change in blue litmus paper 
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2 a_ iodine then bromine then chlorine 

b The greater the number of electron shells, 
the less reactive the halogen, as the 
incoming electron is less attracted to the 
nucleus that is further away. 

3 Chlorine + sodium iodide will react as chlorine 
is more reactive than iodine and will displace it 
from a compound. 

4a F.(g) + 2NaCl(aq) > 2NaF(aq) + Cl.(aq) 


F,(aq) + 2CI-(aq) > 2F-(aq) + Clp(aq) 

b The sodium ion/Na* ion. It can be missed 
out of the ionic equation as it doesn’t 
change during the reaction. 


c_. This is a redox reaction because electrons 
are transferred. Fluorine gains electrons 
so is reduced and sodium chloride loses 
electrons and so is oxidised. 


$C17c.3 Halogen reactivity 
Strengthen 


1 


The missing information from the table, 
from left to right is: bromine; 53; 7; 7; 3; 
de(creasing); burns quickly/brightly. 


The missing words from the sentences are: 
seven/7; gain; ion; electron; more; decreases; 
extra. 


Only chlorine and sodium bromide react as 
only in this pair is the halogen more reactive/ 
higher up the group than the halide ion in the 
compound. 


a__ potassium bromide + chlorine > 
potassium chloride + bromine 


b__ lithium iodide + chlorine > 
lithium chloride + iodine 


c 2KBr(aq) + Cl.(aq) > 2KCl(aq) + Br2(aq) 
d = 2NaCl(aq) + F.(g) ~ 2NaF(aq) + Cl,(aq) 


SC17c.4 Halogen reactivity 
Homework 1 


1 


a false 

b true 

c false 

d_ true 

a The order of increasing reactivity of group 


7 elements is |, < Br. < Cly < Fo. 
ce Fluorine will displace iodine from lithium 
iodide solution. 


The halogen fluorine is the ... most reactive in 
the group. 


When fluorine reacts it forms ... fluoride ions by 
gaining electrons. 
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Answers 


Fluorine atoms have fewer ... occupied electron 
shells than other halogens. 


The fluorine atoms gain ... electrons more 
easily than other halogens. 


a_ Astatine is less reactive than other 
halogens as it is at the bottom of group 7 
and reactivity decreases down the group. 


b_ Astatine has more electron shells than 
other halogens so the nucleus has less 
attraction for outer electrons and will react 
less easily. 


c_ i sodium + astatine — sodium astatide 


ii Bro(aq) + 2KAt(aq) > 
At,(aq) + 2KBr(aq) 


$C17c.5 Halogen reactivity 
Homework 2 


1 


@5 


iodine < bromine < chlorine < fluorine as the 
trend is that the reactivity decreases down the 
group of halogens. 


Fluorine is more reactive than chlorine 
because it has fewer electron shells and so 
has a greater attraction for the electron being 
added. 


a More reactive element takes the place of a 
less reactive element in a compound. 


b- _Br,(aq) + 2KI(aq) > 2KBr(aq) + I,(aq) 


Chlorine reacts with sodium bromide (bromine 
does not react with potassium chloride) as only 
a more reactive halogen, one higher up the 
group, will react with / displace a less reactive 
halide ion, one lower down the group, from its 
compounds. 


a Oxidation is the loss of electrons (by an 
atom, molecule or ion) and reduction is the 
gain of electrons (by an atom, molecule or 
ion); OIL RIG. 


b __Halogens are usually reduced as they have 
seven electrons in their outer shell. They 
will gain one electron to attain a stable 
outer electron shell, like a noble gas. 


a The chlorine is reduced as it gains 
electrons. 

b Ca- Ca’ + 2e7 

a__ The fluorine molecules are reduced and 
the bromide ions are oxidised. 

b reduction: F,(g) + 2e- > 2F-(aq) 
oxidation: 2Br-(aq) > Br,(aq) + 2e7 

a Anion that doesn’t take part in the 
reaction or is not changed by the reaction. 
Br,(aq) + 2I"(aq) > 2Br(aq) + |,(aq) 

c Br.(aq) + 2e" > 2Br(aq) reduction 
21-(aq) > Ip(aq) + 2e° oxidation 
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SC17d Group 0 
Student Book 


oe 1 a_ Density increases down the group. 
an b Melting point -117 + 20 °C and 


a 
al boiling point -113 + 20 °C. Note the 
boiling point should be 3—5 degrees 
higher than the melting point (actual 
melting point -111.9 °C and boiling 
point -108.1 °C). 
ng c Calculated the increase in melting 


and boiling point between noble 
gases as you went down the group. 
The average was about 40 °C. 
Added average rise to melting and 
boiling points of krypton to get 
values for xenon. 


seg 2 a Neither reacts with anything easily. 


ang b Nitrogen is made up of molecules 
containing two atoms. Argon is 
made up of single atoms. 


a 3 Helium and neon will float as they are 
less dense than air. 


7™@ 4 Because they were not discovered at 
aad that time. 
L/S : 
ae 5 = a_ xenon < krypton < helium < neon < 
argon 
cog b Because oxygen gases could 


be detected reacting with other 
substances but argon gas doesn’t 


react easily. 
% ; : : 
s*¢ 6 a Helium has a low density so it 
Ca? 


floats; and it is unreactive so it won't 
burst into flames or explode. 


cog b = Argon will put out the flame as it is 
mm unreactive (it is also more dense 
than air so it will not rise up). 
% : : 
m8 7 Argon electron configuration 2.8.8 has 


a complete outer shell, so it doesn’t 
need to lose or gain electrons to geta 
stable electron configuration. Potassium 
electron configuration 2.8.8.1 has one 
electron in its outer shell and can lose 
this one outer electron when it reacts to 
become an ion with a complete outer 
shell of electrons. 


$1 When the atoms of elements react they 
can gain, lose or share electrons to get 
a complete outer shell of electrons. This 
electron configuration is stable and makes 
the compounds formed more stable than 
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E1 


the elements. Noble gases all have electron 
configurations that already have a complete 
outer shell. They are therefore already stable 
and don’t need to gain, lose or share electrons 
to get a stable electron configuration. 


Radon will be: a colourless gas; inert (not 
react easily); have a low melting point and 
boiling point (melting point about -117 + 20 °C 
and boiling point about -113 + 20 °C); a poor 
conductor of heat and electricity; a density 
above 4.0 g/dm (actual 9.3 g/dm?). 


Exam-style question 


a 


b 


Inert means it does not react easily with 
anything (1). 

Because it doesn’t form bonds (react) easily, 
(1) so it doesn’t bond (join together with) other 
atoms (1). 


Activity and Assessment Pack 
$C17d.1 Properties of group 0 


2 


The order of increasing atomic size, relative 
atomic mass, boiling point and density is 
He < Ne <Ar < kr < Xe. 


The atomic size, relative atomic mass, boiling 
point and density of noble gases increase 
down the group. 


The graph should be drawn with labelled 
axes. Crosses representing boiling points of 
the noble gases helium to krypton should be 
shown. The predicted value for xenon’s boiling 
point is -90 + 50 °C. 


The graph should be drawn with labelled 
axes, with either atomic radius (pm) or relative 
atomic mass or density (g cm~’) on the vertical 
axis. Crosses representing atomic radius or 
relative atomic mass or density of the noble 
gases helium to krypton should be shown. 


The predicted values for xenon from the 
graphs are: atomic radius 120 + 20 pm; 
relative atomic mass 127 + 5 and density 
0.0057 + 0.0005 g cm**. 


The most accurate prediction would be the one 
made using the graph where the scatter points 
lie closest to the line of best fit. 


The actual values for xenon are: atomic radius 
108 pm; relative atomic mass 131.3; boiling 
point -106.6 °C and density 0.0059 g cm’*. 


The predicted values for relative atomic mass 
and density are the most accurate. 


$C17d.2 Putting out fires 


1 


Because the water would damage computers/ 
electronic equipment. 
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Sciences 


Answers 


inert / unreactive / don’t support combustion 


These gases can produce dizziness / can 
form toxic substances so people need to leave 
before the gas is released into the room. 


4 Halon gases put the fire out because of 
chemical reactions between the halons and the 
gases from the fire. Nitrogen/argon systems 
work by replacing some of the air in the room 
so that the fire does not have enough oxygen 
to continue burning. 


5 a_ The gases have to be in the right 
concentration in the air in the room. The 
amount of gas needed to provide this 
concentration will depend on the volume 
of the room into which the gas is being 
released. 


b More gas is needed to produce the 
correct concentration in a larger room. 
If they used a value that was too large, 
the concentration in the room would be 
too high. If this was a nitrogen/argon 
system, this might reduce the oxygen 
concentration and suffocate people in 
the room. 


c_ Too little gas will be released, so the 
concentration of gas will be too low and 
it may not be enough to suppress a fire. 


Because carbon dioxide can suffocate people. 


Halons: advantages — do not suffocate people; 
disadvantages — can cause dizziness/produce 
toxic products, destroy ozone layer. 


Carbon dioxide: advantages — cheap; 
disadvantages — can suffocate people. 


Nitrogen/argon: advantages — does not 
suffocate people or cause giddiness; 
disadvantages — none given in the article. 


8 The gases can be obtained from the 
atmosphere, but the fact that they have no 
ill effects on people when in the atmosphere 
does not necessarily mean that they will have 
no harmful effects at the higher concentrations 
used in fire suppression systems. 


$C17d.3 Special gases — Strengthen 


1. Missing information: helium: 2, and drawing 
of 2 electrons in single shell; lithium: drawing 
of 2 electrons in inner shell and 1 electron in 
outer shell; fluorine: 2.7, and drawing of 2 
electrons in inner shell and 7 electrons in outer 
shell; neon: 2.8, and drawing of 2 electrons in 
inner shell and 8 electrons in outer shell. 


2 All group 0 elements have an electronic 
configuration with a complete/full outer shell. 


3. a_ The lithium electron arrangement changes 
from 2.1 to 2 and the fluorine electron 
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arrangement changes from 2.7 to 2.8, so 
both attain an arrangement of electrons 
like a noble gas. 


b The noble gas atoms already have a 
complete outer shell, which is very stable, 
and means they are unreactive. 


low density and unreactive/non-flammable 


On the graph supplied, crosses representing 
melting points of the noble gases helium, neon, 
argon and xenon should be shown. A best fit 
straight line should be drawn, using the points 
on the graph. 


Predicted melting point of krypton is 
-160 + 10 °C (actual melting point = -157 °C). 


$C17d.4 Group 0 — Homework 1 


1 


Missing information: 


a helium: 2, and drawing of 2 electrons in 
single shell; neon: 2.8, and drawing of 2 
electrons in inner shell and 8 electrons in 
outer shell; argon: 2.8.8, and drawing of 
2 electrons in inner shell, 8 electrons in 
middle shell and 8 electrons in outer shell. 


b complete 
c noble, 8 and 2 
d_inert, react 


Argon is used in welding to stop the hot metal 
reacting with oxygen in the air; linked to: non- 
flammable and relatively inert. 


Helium is used in airships and party balloons; 
linked to: low density gas, relatively inert and 
non-flammable. 


Argon is used to put out fires in computer 
rooms; linked to: non-flammable, high density 
gas and relatively inert. 


Argon is used inside filament lamps to stop the 
hot filament reacting with oxygen; linked to: 
relatively inert. 


On the graph supplied, crosses representing 
boiling points of the noble gases helium, argon, 
krypton and xenon should be shown. A best fit 
straight line should be drawn, using the points 
on the graph. 


Predicted boiling point -245 + 10 °C (actual 
boiling point = —246 °C). 


$C17d.5 Group 0 — Homework 2 


1 


a D,A,E,H, G, B, C, F 
b iA,DandE 

ii GandH 

iii B 

iv Cand F 
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Sciences 


Answers 


neon — 2.8 and argon — 2.8.8 


The electronic configuration of noble 
gas elements includes a complete outer 
shell (if another electron is added it goes 
into a new shell) and this is a stable 
arrangement that makes them inert. 


The graph should be drawn with labelled 
axes, and crosses representing densities 
of the noble gases helium, neon, krypton 
and xenon. A best fit straight line should 
be drawn, using the points on the graph. 
Estimated density for argon 
=1.8+0.1gdm° 

(actual density = 1.8 g dm-°). 

Because a best fit line can be drawn and 
an estimate read, using the graph scale. 
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10 


Because xenon has larger atoms than the 
other noble gases so there is less attraction 
between the nucleus and its outer electrons 
and this may make it easier to lose electrons/ 
form bonds. 


The discovery of helium disagreed with 
Mendeleev’s periodic table because there was 
no space for it to fit into any of the existing 
groups. The discovery of other noble gases 
confirmed the periodic table as they formed 

a whole new group of elements with similar 
properties to each other. 
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Answers 


SC18a Rates of reaction 
Student Book 


s*@ 1 Any sensible suggestion, but those 
taken from photo A are: faster reaction 
is burning wood/gas; slower reaction is 
cooking pizza/bread. 


6*s 2  Theconcentration of reactants 
decreases and the concentration of 
products increases. 


6*s 3 Because the concentration of reactants 


. decreases as the reaction proceeds. 
Me : : 
“3 4 a agas syringe or a measuring 
cylinder 
M% 
is b = Inareaction that produces a gas, 
measuring the amount of gas 
produced relates to the amount 
of product formed and so it can 
be used to measure how far the 
reaction has gone in a certain time 
interval. 
M% 


7™— 5 The gradient for the graph for the 


\Z 
= granules is steeper at the start than the 
graph for the ribbon (and levels off, is 
finished, faster) 
L / 
oy 6 a_ the (hydrochloric) acid 
L/ 
oy b when the gas stops being formed 
17 
ma c_ The line on the graph starts high on 
” the vertical axis (mass of flask) and 
goes down rapidly at first, gradually 
levelling off until the line is parallel 
to the horizontal axis (time). 
Me 


7™s 7 Because it would be difficult to measure 
the amount of reactants used up or 
products formed (because the reaction 
happens so slowly). 


$1 a_ the loss in mass of the reactants (and flask) 
b The concentration decreases. 
c_ the volume of gas produced 


E1 Diagram of a flask containing magnesium 
and hydrochloric acid with tubing from a one- 
hole stopper leading to a gas syringe (as in 
diagram C). Description to include: measure 
temperature of acid; add magnesium and 
stopper; measure volumes of gas in syringe at 
regular time intervals (or stated time interval); 
record the results; repeat after warming acid to 
a higher temperature. 
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Exam-style question 


The electronic balance could be used to measure 
the change in mass (1) of the reactants (and flask/ 
beaker) as the reaction proceeds. The faster the 
loss in mass, the faster the reaction (1). 


Activity and Assessment Pack 


$C18a.1 Investigating rates of 
reaction 


Page 1 
1 results of experiment 


2 Task 1: If results are good, the graph should 
show two curves rising steadily and levelling 
off at about the same point. The curve for the 
small chips should rise and level off more 
quickly. 


Task 2: If results are good, the graph should 
show a straight line rising steadily as the 
concentration increases. 


3 Task 1: The graph for larger surface area (to 
volume ratio), i.e. the smaller chips, rises more 
quickly at the start and levels off more quickly. 
Therefore the larger the surface area/smaller 
the chips, the faster the reaction. 


Task 2: The graph for volume of gas 
produced in one minute against concentration 
rises steadily. Therefore the higher the 
concentration, the faster the reaction. 


4 Possible sources of error are: measuring the 
volume of gas (which is difficult because of 
the bubbles in the measuring cylinder), and 
making sure the marble chips are all the same 
size. (Other answers are possible.) 


The reliability of the results could be improved 
in task 1 by measuring the volume of gas more 
frequently, and in task 2 by measuring the 
volume of gas produced for a longer period. 
(Other answers are possible.) 


Page 2 
1. results of experiment for task 1 


2 ‘If results for task 1 are good, the graph should 
show two curves rising steadily and levelling 
off at about the same point. The curve for the 
small chips should rise and level off more 
quickly. 


3. The reactions had finished when the graphs 
levelled off. 


4 Fora fixed mass of chips, the smaller the chips 
the larger the surface area (to volume ratio). 


5 The larger the surface area (to volume ratio), 
the faster the reaction. 
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Answers 


6 The graph for larger surface area to volume 
ratio (smaller chips) rises more quickly at the 
start and levels off more quickly. Therefore the 
larger the surface area, the faster the reaction. 


7 Possible sources of error are: measuring the 
volume of gas (which is difficult because of the 
bubbles in the measuring cylinder) and making 
sure the marble chips are all the same size. 
(Other answers are possible.) 


8 Measure the volume of gas produced for a 
longer time, or measure larger volumes of gas. 
(Other answers are possible.) 


9 results of experiment for task 2 


10 If results for task 2 are good, the graph should 
show a straight line rising steadily as the 
concentration increases. 


11. The higher the concentration of the acid, the 
faster the reaction. 


12 The graph for volume of gas produced in one 
minute against concentration rises steadily. 
Therefore the higher the concentration, the 
faster the reaction. 


13 Possible sources of error are: measuring the 
volume of gas (which is difficult because of the 
bubbles in the measuring cylinder) and making 
sure the marble chips are all the same size. 
(Other answers are possible.) 


14 Measure the volume of gas produced for a 
longer time or measure larger volumes of gas. 
(Other answers are possible.) 


$C18a.2 Data analysis on rates 


1. a_ the concentration of the acid 


b_ ‘Three of: the temperature of the solution, 
the form of the magnesium, the mass of 
magnesium used and the volume of the 
acid used. 


c_ The rate of the reaction increases as the 
concentration increases (the rate of the 
reaction is directly proportional to the 
concentration). 


2 a_ the temperature 


b Three of: the form of the calcium 
carbonate, the mass of calcium carbonate, 
the concentration of the acid and the 
volume of the acid. 


c_ As the temperature increases, the rate of 
reaction increases. (A 10 °C rise roughly 
doubles the reaction rate.) 


3 a_ the surface area (size of solid lumps) 


b_ ‘Three of: the mass of rhubarb, 
the concentration of potassium 
manganate(VII), the volume of potassium 
manganate(VII) and the temperature. 
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c_ As the surface area increases (size of 
pieces decreases), the rate of reaction 
increases. 


Graph 1: a straight line rising steadily as the 
concentration increases 


Graph 2: a curve bending upwards as 
temperature increases 


Graph 3: a straight line falling steadily as the 
surface area increases 


Graph 1 shows that the rate is directly 
proportional to the concentration. Double the 
concentration, and the rate doubles. 


Graph 2 shows that the rate greatly increases 
with increases in temperature. (A 10 degree 
rise roughly doubles the reaction rate.) 


Graph 3 shows that if you double the surface 
area then the time taken for the solution to go 
colourless roughly halves. (The rate is directly 
proportional to the surface area. Double the 
surface area, and the rate roughly doubles.) 


S$C18a.3 Rates of reaction 
Strengthen 


1 


a concentration, temperature, surface area 


b The missing information is: mass, 
carbon dioxide, flask, reactants, volume, 
decrease. 


a __ temperature 


b_ ‘Three of: the form/surface area/size of the 
chips of calcium carbonate, the mass of 
calcium carbonate, the concentration of 
the acid and the volume of the acid. 


c_ As the temperature increases the time to 
produce the set loss in mass decreases 
quickly, so increasing temperature greatly 
increases the rate of the reaction. 


SC18a.4 Rates of reaction 
Homework 1 


1 


a graphA 

b Graph A shows the fastest reaction, as 
the line rises more steeply (levels off 
more quickly), so this must be the higher 
temperature. 


nickel chloride, water 


The labelled diagram should show a stoppered 
flask containing nickel carbonate and 
hydrochloric acid, with a delivery tube leading 
to a measuring cylinder upside down in a 
beaker of water. The flask should be in a water 
bath. 


volume of gas produced (in a set time), 
temperature 
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concentration (or volume), nickel carbonate 


The lines become less steep as the reactions 
slow down, because the concentration of the 
acid decreases. The graphs level off when 
(one of) the reactants has been used up. 


SC18a.5 Rates of reaction 
Homework 2 


1 


the mass of calcium carbonate chips and the 
volume of hydrochloric acid 


The shorter the time (to produce 0.5 g of gas), 
the faster the rate of the reaction. 


a___Increasing concentration increases the 
rate of the reaction, and doubling the 
concentration doubles the rate. 


b Experiments 1, 2 and 3 show that as the 
concentration of the acid is doubled (and 
all other variables are kept constant) the 
time roughly halves, which means the rate 
must be twice as fast. 


a___ the powder 


b Increasing the surface area (to volume 
ratio) increases the rate of the reaction. 


c Experiments 2, 4 and 5 (with all other 
variables constant) show that the larger 
surface area (powder) reacts faster. 

The time taken to produce the set loss in 
mass is smallest with powder and greatest 
with large chips. 


a The graph should be drawn using 
experiments 1, 6, 7 and 8, and should 
show a downward curve, as time 
decreases as temperature increases. 


b ~The graph shows that the rate of reaction 
increases (greatly) as the temperature 
increases. 


c The rate almost doubles with every 
10 degrees rise in temperature. 


So that the reaction is completed in a 
reasonable time. The powder reaction would 
be over too quickly at higher temperatures. 


Because the reactions would be too quick 
and the hot acid would be very dangerous 
(corrosive). 


CaCO, + 2HCI > CaCl, + H,0 + CO, 


5 moles of calcium chloride, 5 moles of water 
and 5 moles of carbon dioxide 
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Answers 


SC18b Factors affecting 
reaction rates 


Student Book 


m 
das? 


% 


gun 
Ya 


m 
Ca? 


1 


7 


The molecules must collide and have 
enough energy (the activation energy). 


Because the molecules don’t have 
enough energy (the activation energy). 


The activation energy is the minimum 
amount of energy needed by the 
reactant particles to react on collision. 


Reducing the energy of the molecules 
and reducing the number of collisions 
would make the reaction slower. 


a wood dust 


b The wood dust is the form that 
contains the smallest pieces of 
wood that have the largest surface 
area to volume ratio, so the most 
collisions occur. 


c The wood would burn faster in 
pure oxygen as the concentration 
of oxygen is greater, and so more 
collisions occur. 


a H,(g) + Clp(g) > 2HCI(g) 


b Decreasing the gas pressure 
reduces the rate of reaction, as 
fewer collisions occur because the 
particles are further apart. 


c_ Increasing the temperature 
increases the rate of reaction, as 
the particles have more energy 
and move about faster, so more 
collisions occur and more molecules 
have enough energy (the activation 
energy) to react on collision. 


Because the particles in gases are 
further apart so fewer collisions occur. 


Increasing the concentration increases the 
rate of reaction, because more collisions 
occur. 


Decreasing the size of pieces of solid 
increases the rate of reaction, as the 
surface area to volume ratio is greater, 
and so more collisions occur. 


Increasing the temperature increases the 
rate of reaction, as more collisions occur 
and more reactant particles have enough 
energy to react when they collide. 
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E1 The rate of reaction between iron lumps and 
oxygen can be increased by: 


1 increasing the concentration of oxygen 
(using pure oxygen) so more collisions 
occur 


2 increasing the pressure, so oxygen 
molecules are closer together and more 
collisions occur 


3 decreasing the size of the iron lumps, so 
the surface area to volume ratio increases 


and more collisions occur 


4 increasing the temperature, so the 
particles have more energy, more 
collisions occur and more reactant 
particles have enough energy to react 
when they collide. 


Exam-style question 


The powdered chalk has a larger surface area 
to volume ratio than the lumps of chalk (1). This 
means more collisions occur between the acid 
particles and the chalk (1). More collisions mean 


Choose two points on the tangent line 
where it is easy to read the time and 
volume, and calculate the change in volume 
that occurs for that change in time. (1) 


Calculate the rate by dividing the change 
in the volume by the change in time. (1) 


Add instruction between steps B and C: 
Measure and record the temperature of the 
acid (1). Change instruction step F: Repeat the 
experiment, using acid solutions at different 
temperatures (1). 


the concentration of the acid (1) 


to calculate the average temperature during 
the reaction (1), as the temperature will change 
during the reaction (1) 


a The cross disappears because the 
precipitate (solid) settles at the bottom of 
the flask. (1) 

b_ Vertical axis: ‘Time for cross to disappear 
(s)’ (1); horizontal axis: ‘Average 
temperature (°C)’ (1) sketch shows line 


that the reaction occurs more quickly (1). 


SC18b Core practical — 
Investigating reaction rates 


1. calcium carbonate + sulfuric acid (1) 
> calcium sulfate + water (1) 
CaCO,(s) + H2SO,(aq) (1) 
> CaSO,(aq) + H20(!) (1) 
2 a_ The dependent variable is the volume of 
carbon dioxide gas produced (with time) 
(1) and the independent variable is the 
size of the pieces of marble chips (or the 
surface area to volume ratio) (1). 
b Two of: concentration; type of acid; 
temperature (2 x 1 mark). 
3. a_ So that no gas is lost/so that we measure 
all the gas produced (1). 
b electronic balance, measuring cylinder (1) 
4 a ltis finished in 5 (five) minutes (1), as 


at this point the graph levels off, which 
means no more gas is being formed (1). 


b The graph for the smaller chips would 
have a similar shape to the graph for large 
chips but would rise faster (1) and level off 
at the same point, more quickly than the 
given large chips graph (1). 


40 ‘ 
c the average rate = a (1) = 8 cm?/min (1) 
d_ Find the point on the curve at 100 second, 


and draw the tangent line to the curve at 
the point. (1) 
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starting high and curving downwards 
getting less steep as it gets closer to the 
horizontal axis (1). 


c_ As the temperature increases the time 
taken decreases (1) so the reaction is 
getting quicker as less time is needed to 
get to the same point (1). (An approximate 
10 °C rise in temperature halves the time 
taken, so doubles the reaction rate.) 


d__ by repeating the experiment (at the same 
temperatures) and averaging the results (1) 


Activity and Assessment Pack 


SC18b.1 Temperature and reaction 
rates 


1 Students’ own tables of results 


2 Graph should show a curve, with time 
decreasing quickly as temperature increases. 


3. a_ The rate increases quickly as the 
temperature increases. 


b The graph shows that, as the temperature 
rises, the time for the reaction decreases 
— which means the rate of reaction 
increases. 


4 The time taken would halve. 


5 a 10degrees 


b Students’ own results. Students should 
choose any temperature on the graph 
and note the time taken for the cross to 
disappear. The temperature that caused 
the cross to disappear in half that time 
(double the rate) is about 10 °C. 
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6 Any two of the following measurements: d_ As the reaction is finished (as one of the 
temperature, time and volume of solutions. reactants is used up). 

7 Errors with recording temperature and time e The second graph would rise and level off 
could be reduced by repeating the experiment more quickly, but would finish at the same 
more often. Errors with measuring volume of level. 
solution could be reduced by using burettes f 23.0 cm%/min + 2.0 
and/or pipettes. (Other answers are possible.) g 11.2 cm?/min + 0.5 


$C18b.2 Explaining collisions 
Strengthen 


$C18b.4 Factors affecting reaction 
rates — Homework 1 


1 If there are more particles, the reactant 4a concentration 
particles are closer together, therefore 
oe b temperature 
collisions occur more frequently. 
_ c surface area 
2 Collisions occur more frequently. 
ds gas pressure 
Mote parities have Bua near aes 2 a_ Fromleft to right, the missing words are: 
when they collide. : ; 
chlorine, hydrogen chloride, energy. 
3 Increasing the surface area (decreasing the b hydrogen, collide, energy, activation 
lump size of the solid) while keeping the total energy, increases, frequently, decreases, 
volume/mass constant makes the reaction faster less, energy 
because there is more surface for collisions and oe 
so collisions occur more frequently. 3 a Mince IS made up of smaller pleces with a 
larger surface area, so collisions occur more 
SC18b.3 Factors affecting reaction frequently and those that do take place are 
more likely to have enough energy. 
rates — Extend 
b Inthe fridge, at lower temperature, 
1 a  Newdiagram drawn with more oxygen particles have less energy, collisions occur 
molecules in the same area. less frequently and fewer particles have 
Label similar to: molecules of oxygen enough energy to react. 
closer together, so collisions occur more c_ Athigher pressure, particles are closer 


frequently and reaction is faster. 

b New diagram drawn with iron atoms 
broken into two or more blocks. 
Label similar to: more surface area for 
oxygen to get at iron, so collisions occur 
more frequently and reaction is faster. 


together, so collisions occur more frequently 
and the reaction is faster (explosion). 


$C18b.5 Factors affecting reaction 
rates — Homework 2 


; ; 1 concentration, temperature, surface area, 
¢ Increasing the temperature increases the pressure 
rate of a reaction, because the reactant ; ; 
more collisions occur and more particles particles collide with enough energy 
have enough energy to react when they (activation energy). 
collide. b Smaller marble chips have a larger total 
2 a As the pressure is increased, the surface area, so there is more space for 
molecules get closer together collision. Therefore, collisions occur more 
: frequently and the reaction is faster. 
b As the molecules are closer together, : ; 
collisions occur more frequently and the 3 The diagram of low pressure contains a 


reaction is faster. number of molecules of hydrogen and chlorine. 
The diagram of the higher pressure has the 
3 a  2HCl(aq) + CaCO,(s) same number of each molecule in a smaller 
> CaCl,(aq) + CO(g) + H20(!) space. 
b The graph curves upwards, getting less 


steep and finally levelling off at five Explanation: At the higher pressure the 


molecules are closer together, so collisions 


minutes. ae 
; occur more frequently and the reaction is 
c_ Atthe start the reactant concentrations faster. 
are greatest, so collisions occur more a 
frequently and the reaction is fastest. 4 a The best-fit line curves downwards and 
levels off at 12 minutes. 
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b Because a gas (carbon dioxide) is Me, 
produced and lost to the surroundings. is 6 a So the catalyst has a large surface 
c  Athigher concentrations the graph would aie 
be steeper and the mass loss faster, a b Because a catalyst is not used up 
. . , / \ 2 
piste aieast ai be more collisions ™ (not permanently changed). 
, "Me 
0.25 g/min + 0.02 os 7 a_ Zymase, which helps change 
e 0.08 g/min + 0.01 glucose into ethanol (alcohol); or 
, aad amylase, which helps change starch 
5 a_ Because there are very few molecules with into simple sugars. (Other examples 
energy at or above the activation energy. possible.) 
b % 2% b  Anenzyme works because its 


shape (active site) fits the reacting 
molecules (substrate) like a key ina 
lock. The enzyme won't fit in other 
reactant molecules so won't work in 
other reactions. 


Si 8 Heating a catalysed reaction gives the 
™ reactant particles (molecules) more 
energy. They therefore move faster and 
collide more often and more of them 
have enough (activation) energy (more 
successful collisions occur). 


Heating a reaction helped by an enzyme 
eneny could denature the enzyme, changing its 
shape so it will no longer fit the reactants 
so the reaction won’t take place. 


Number of reactant molecules 


Energy of molecules activation 


c The graph for the higher temperature 
shows that more molecules have energy 


at or above the activation energy, so more S1 Catalysts and enzymes speed up chemical 
molecules can react when they collide and reactions by providing an alternative reaction 
the reaction is faster. route, with a lower activation energy so more 


of the reactant particles (molecules) have 
enough (activation) energy and more will react 


S$C18c Catalysts and activation pmccllienen: 
energy Catalysts and enzymes are useful in industry 
as they make the product more quickly and 
Student Book save energy costs by allowing the reaction 
Wm 
78 1. By allowing reactions to occur at lower fetal blade ab lewericinpelaies and 
vt pressures. 
temperatures and pressures, the catalyst 
reduces the energy cost required to E1 Both speed up reactions by providing different 
increase temperatures and pressures. reaction routes which need less (activation) 
m energy. 


7™@ 2 Because the catalyst (platinum) is not 


used up and can be used again and Most chemical catalysts work at a range of 


temperatures and pressures (the reaction 


m ails is faster the higher the temperature and 
oe 3 By measuring the mass of manganese pressure) while biological catalysts (enzymes) 
dioxide added at the start and work best at specific temperatures and pHs, 
comparing it to the mass of manganese as changes in conditions alter the shape of the 
dioxide collected (and dried) at the end. enzyme molecule so it no longer (fits) works. 
at 4  Areaction with a low activation energy Exam-style question 


will be faster as more of its reactant 
particles (molecules) will have enough 
energy to react on collision, so more 
successful collisions will occur. 


a Acatalyst speeds up a reaction by lowering 
the activation energy (1), So more molecules 
have enough energy to react when they collide 
and more successful collisions (collisions with 


1 / 
oe 5 The overall energy change (from enough energy) occur (1). 


a 
wv f 
reactants to products) is the same. 
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b Increasing the temperature gives the reactant 
molecules more energy (1) (so they move 
faster and collide more often), so more of them 
have the required activation energy so more 
successful collisions (collisions with enough 
energy) occur (1). 


Activity and Assessment Pack 
$C18c.1 Investigating catalysts 


1 Students’ own table of results 


2 From most effective catalyst to least effective: 
manganese(IV) oxide, copper(II) oxide, 
iron(IIl) oxide, zinc oxide, aluminium oxide. 


3. The one that produced the most bubbles of 
oxygen was the best catalyst, and the one 
that produced the least bubbles was the worst 
catalyst. 


4 a_ Tomake the test fair (because changing 
these variables could affect the amount of 
bubbles produced). 


b The volume of hydrogen peroxide was 
accurate but the amount of catalyst was 
not very accurate. 


c Measure the same mass of catalyst each 
time. 
5 a_ notvery sure 


b Collect the gas in a gas syringe/measuring 
cylinder as it is produced and measure the 
volume of gas collected in a certain time. 


$C18c.2 Catalytic converters 


1 to reduce pollution/emission of poisonous 
gases 


Two of: platinum, rhodium and palladium. 
a carbon monoxide (CO), nitrous oxide or 
dinitrogen oxide (N,O) and methane (CH,) 
b carbon dioxide (CO,), nitrogen (Nz) and 
water (H,O) 
4 It is poisonous (blocks oxygen uptake by red 
blood cells). 
5 a-carbon monoxide + nitrogen oxide 
— carbon dioxide + nitrogen 
CO + N,O > CO, + Ny 
b CH, +20, > CO, + 2H,0 
6 a_ Larger surface area, so more collisions 
with reactants occur. 
They are expensive. 


c Increased temperatures increase reaction 
rates. 
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a Bar chart with data from the table for 
different cars, side by side, for each of the 
gases produced. 


b The catalytic convertor reduces the 
amount of carbon monoxide, nitrogen 
oxides and unburnt hydrocarbons, but the 
amount of carbon dioxide stays the same. 


c Diesel emissions contain less carbon 
monoxide and unburnt hydrocarbons but 
more oxides of nitrogen (and more carbon 
particles). 


$C18c.3 Catalysts and activation 
energy — Strengthen 


1 
2 


3 


increases, used up, unchanged, living, catalyst 


a_ Missing labels, left to right: reactants and 
activation 


b Dotted line starting and finishing at the 
same points as the given graph, with a 
peak somewhere below the given graph. 


c_ Arrow starting level with the energy 
level of the reactants, pointing up to a 
line which is level with the peak of the 
drawn catalysed reaction graph, labelled 
‘activation energy of the catalysed 
reaction’. 


d_ The activation energy of the catalysed 
reaction is lower, so more molecules have 
enough energy and react on collision, and 
the reaction is faster. 


active, substrate, key, energy, reused 


$C18c.4 Catalysts and activation 
energy — Homework 1 


1 


Catalysts are used to ... speed up chemical 
reactions. 


Catalysts allow chemical reactions to ... 
happen at lower temperatures. 


Catalysts can be used again and again ... 
because they are not used up. 


Catalysts work by lowering ... the activation 
energy. 


Using a catalyst means more molecules ... 
have enough energy needed for reaction. 


a_ Arrow starting level with the energy level 
of the reactants, going up to level with 
the peak of the catalysed reaction graph, 
labelled ‘activation energy of the catalysed 
reaction’. 


b Dotted line starting and finishing at the 
same points as the given graph, with a 
peak somewhere above the given graph. 


c higher, fewer, energy, reaction, slower 
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3 a enzyme b Dotted line starting and finishing at the 
b active site same points as the given graph, with a 
& denatured peak Sornewnicle above the given afapn: 
4 -siibeyaic c Labelled activation energy of the reaction 
with an enzyme: arrow starting level with 
: : the energy level of the reactants, going 
SC18c.5 Catalysts and activation up to level with the peak of the original 
energy — Homework 2 enzyme reaction graph. 
1 a 4CO+2NO,—>4CO,+N, Labelled activation energy of the reaction 


without the enzyme: arrow starting level 
with the reactants, going up to level with 
the peak of the self-drawn graph of the 
reaction without enzyme. 


b Acatalyst speeds up a chemical reaction 
by providing a different reaction path that 
requires a lower activation energy. This 
speeds up the reaction, because more 


molecules have enough energy to react, Labelled overall energy change of both 
and more collisions result in a reaction. reactions: arrow starting level with the 

The catalyst is not used up during the reactants going down to level with the 
reaction and is left at the end, so it can be products. 

used again. d_ The reaction is slower without the enzyme, 


because the activation energy is higher, so 


2 a_ scatter graph of data in table 
fewer molecules have enough energy, so 


b ZnO is less effective than CuO, which is fewer collisions result in a reaction. 
less effective than MnO,. Explanation: The - 
most effective catalysts produce a larger 4 a __ Inhibitors work by changing the reaction 


c Four of: volume of hydrogen peroxide, energy, so the reaction is slower. 


concentration of hydrogen peroxide, b Any suggestion where a slower reaction 
volume of metal oxide and form of metal would be an advantage, e.g. preventing 
oxide. the discolouration of paint, the ageing of 


d Measure and use the same mass of metal plastics or the oxidation of oils. 


oxide each time. 


3. a_ Both enzymes and catalysts speed 
up chemical reactions by lowering the 
activation energy of the reaction. 
Catalysts work faster at higher 
temperatures and are unaffected by 
pH changes. Enzymes, which catalyse 
specific biological reactions, work best at 
particular temperatures and pH values. 
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SC19a Exothermic and 
endothermic reactions 
Student Book 


1 / 
ane 1 They transfer energy to the 


Cat 
" surroundings; by heating; by light. 


ws 2 The energy level of the reactants is 
higher than the products/the arrow points 
downwards in an exothermic reaction; 
the energy level of the reactants is 

lower than the products/the arrow points 
upwards in an endothermic reaction. 


io 3 = diagram with upwards arrow labelled 
‘Energy’ or ‘Heat energy’; horizontal 
arrow labelled ‘Progress of reaction’; 
lower line labelled ‘citric acid + sodium 
hydrogen carbonate’; higher line labelled 
‘sodium citrate + water + carbon dioxide’; 
arrow pointing upwards between these 
two lines labelled ‘energy taken in’ 


No change in temperature, because there was 
no reaction/copper cannot displace itself. 


The other reactions are exothermic because 
the temperature of the reaction mixture 
increased. 


Metals placed in order of decreasing 
temperature change, e.g. Mg, Zn, Fe, Cu. 
(Zn might come first.) 


Compared with reactivity series, Mg, Zn, Fe, 
Cu; differences identified, if any (e.g. Zn may 
be placed first if the magnesium powder has 
oxidised on storage). 


Polystyrene is a poor conductor of heat/an 
insulator; air gap between the cup and beaker. 


Improvement given with explanation, e.g. adda 
lid to reduce convection; wrap more insulation 
around the cup to reduce conduction; carry out 
the experiment in a vacuum flask to reduce 
conduction and radiation. 


~ $C19a.2 Using exothermic and 
ses 4 These reduce energy transfers h : ‘ 
between the reaction mixture and the endothermic reactions 


surroundings; insulators. 3. Organised pile for hand warmer: 


u's 5 The temperature should increase; 
because the reaction is used in the 
self-heating can; it is exothermic. 


$1 Use a polystyrene cup; with a lid; steadied in 
a beaker; use a thermometer to measure the 
temperature; record the temperature before 
mixing the reactants; record the temperature 
after the reaction finishes/maximum or minimum 
temperature obtained; if the temperature goes 
up it is an exothermic reaction; if the temperature 
goes down it is an endothermic reaction. 


E1 Volume of solution; concentration of solution; 
mass/amount of solid reactant used; these 
variables affect the amount of energy 
transferred; particle size of solid reactant; 
affects rate of energy transfer; starting 
temperature of solution; affects rate of energy 
transfer to or from the reaction container and 
so measured temperature change. 


Exam-style question 


Temperature decreases (1), so the reaction 
must be endothermic/energy is taken in from 
the surroundings (1). 


Activity and Assessment Pack 
$C19a.1 Investigating displacement 
reactions 

1 Results recorded in a suitable table. 


2 Temperature change for each metal powder 
calculated correctly. 
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iron + oxygen > iron(II) oxide 
4Fe(s) + 30,(g) > 2Fe,0,(s) 
The reaction is exothermic. 


T/o;}o |] 


The reaction gives out heat energy to 
the surroundings. 


The reaction mixture reaches 40 °C. 


The reaction is started by opening an 
airtight container. 
C Sodium chloride and water are included 
to speed up rusting. 

d_ | Ahot powder similar to rusted iron is left 
at the end. 


Organised pile for cold pack: 


a barium hydroxide + ammonium 
thiocyanate — barium thiocyanate + 
water + ammonia 

a Ba(OH).(s) + 2NH,SCN(s) 

— Ba(SCN),(s) + 2H,O(I) + 2NH,(g) 

b The reaction is endothermic. 

b The reaction takes in heat energy from 
the surroundings. 

The reaction mixture reaches —25 °C. 


Cc The reaction is started by mixing the 
solids together. 


d Acold corrosive slush is left at the end. 


d Ammonia gas is toxic and causes skin 
burns. 


Edexcel GCSE (9-1) 


Sciences 


4 The endothermic reaction might not be suitable 
for a cold pack because it gets very cold/ 
too cold; a corrosive slush is left at the end; 
ammonia gas is produced, which is toxic and 
causes skin burns. 


Both reactions allow only a single use, so the 
products and their packaging create waste. 


$C19a.3 Exothermic and 
endothermic reactions — Strengthen 


1 Table completed correctly: 


Exothermic | Endothermic 


Heat energy 


se v 
is given out 


Heat energy 
is taken in 


Temperature 
goes up 


Temperature 
goes down 


2 a_ Heat energy is given out; and the 
temperature goes up/increases. 


b Heat energy is taken in; and the 
temperature goes down/decreases. 
3. a_ thermometer 
start temperature; end temperature 


Look at the difference between the two 
measurements; temperature should 
increase. 


Ticks placed in all three boxes. 


The temperature goes down/decreases. 


$C19a.4 Investigating heat energy 
changes — Homework 1 


1 #OD 


2 a _ 24.6 Celsius degrees 


b  Exothermic; because the temperature 
went up/increased. 


c To mix the reactants/make sure the 
reaction was complete; to obtain an 
accurate temperature reading/make sure 
the mixture was an even temperature. 


d_ Add alid/more insulation; to reduce heat 
losses/energy transfers from the reaction 
mixture. 

precipitation 


not enough sodium chloride dissolved/too 
much water/thermometer resolution too low 
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$C19a.5 Reactions and heat energy 
changes — Homework 2 


1 a_ displacement/redox 
24.6 Celsius degrees 


c  Exothermic; because the temperature 
went up/increased. 


d_ To mix the reactants/make sure the 
reaction was complete; to obtain an 
accurate temperature reading/make sure 
the mixture was an even temperature. 


e Add alid/more insulation; to reduce heat 
losses/energy transfers from the reaction 
mixture. 


2 not enough sodium chloride dissolved/too 
much water/thermometer resolution too low 


3 a  Mg(NOs)2(aq) + Na,CO,(aq) 
— 2NaNO,(aq) + MgCO,(s) 
bi Endothermic, because heat energy is 
taken in from the surroundings. 


ii (Some of) it is transferred to the reacting 
ions. 


iii The temperature goes down/decreases; 
because energy is transferred from the 
surroundings. 


4 a 0.100 kg 
b 0.100 x 4180 x 5.5 = 2299 J 
= 2.3 kJ to 2 significant figures 


c heat losses/energy transfers from the 
reaction mixture; so the temperature rise 
is less than expected 


SC19b Energy changes in 
reactions 


Student Book 


are 1. The spark or flame provides the 
= activation energy; the minimum energy 


needed to start the reaction. 


borg 2 Activation energy is shown as a 
curved line/‘hump’; that goes higher 
than the reactants in an exothermic 
reaction/higher than the products in 
an endothermic reaction. 


Biot 3 Bond making gives out energy; bond 
breaking takes in energy; combustion 

is exothermic because more energy is 
given out (in bond making) than is taken 
in (for bond breaking); so energy is 
given out overall. 


Edexcel GCSE (9-1) 


Sciences Answers 


s"3 41] energy in = (2 x 436) + 498 $C19b.3 Energy changes in 


= 1370 kJ mols": reactions Strengthen 
energy out = (4 x 464) = 1856 kJ mol’; 4 
overall energy change 
= 1370 — 1856 = —486 kJ mol"! Reactants Products 
$1 Energy is taken in to break bonds; energy Bonds break v6 
is given out when bonds are made. Bond 
breaking is endothermic; bond making is Bonds form Mi 
exothermic. In exothermic reactions more Energy 
energy is given out in bond making than is transferred to the o 
taken in for bond breaking; in endothermic substances 
reactions more energy is taken in for bond Ener 
breaking than is given out in bond making. a 
transferred to the A 
$2 Reaction profiles show (heat) energy on the surroundings 


vertical axis; progress of reaction on the 2 
horizontal axis; energy level of reactants; 

energy level of products; activation energy; 

overall energy change in the reaction; whether 

the reaction is exothermic or endothermic. 


a Energy transferred to substances/ 
reactants; to break bonds. 

b Energy transferred to surroundings; as 
bonds form in products. 


E1 energy in = (3 x (C-H)) + (C-O) + (O-H) + 3 a_ less crossed out 
(1.5 x (O=O)) b In an endothermic reaction, less energy 
= (3 x 413) + 358 + 464 + (1.5 x 498) is given out than is taken in from the 
= 1239 + 358 + 464 + 747 surroundings. 
= 2808 kJ mol" 4 a Completed diagram will be the same as 
energy out = (2 x (C=O)) + (4 x (O-H)) the left-hand diagram B in the Student 
= (2 x 805) + (4 x 464) Book, to show: ‘Progress of reaction’ on 
= 1610 + 1856 horizontal axis; ‘Heat energy’ on vertical 
= 3466 kJ mol" axis; higher part of the line extended to 
energy change = 2808 - 3466 = -658 kJ mol-* the right with a dashed line and labelled 


‘reactants’; lower part of the line extended 
to the left with a dashed line and labelled 
‘products’; downwards arrow from the level 
of the reactants line to the level of the 
products line and labelled ‘overall energy 
change’; horizontal dashed line at the top 
of the hump; upwards arrow from the level 
of the reactants line to the top of the hump 
and labelled ‘activation energy’. 


Exam-style question 


The energy needed to break bonds in the reactants 
is greater (1) than the energy released when bonds 
are made in the products (1). 


Activity and Assessment Pack 


SC19b.1 Energy transfers and bonds b = Exothermic reaction; reactants line is 
2 higher than products line. 
Reaction | a b c SC19b.4 Reactions and energy 

1 864| 679 endothermic changes — Homework 1 

2 1895 | 1954] exothermic 1. a-— making of bonds 

3 2144 | 2354) exothermic b- breaking ot bonds 

4 3508 | 3354! endothermic 2 The reactants contain more heat energy than 

the products; the difference in energy between 

3 If the C—H bond is 435 kJ mol’; the total them is given out. 


energy in the reactants is 1983 kJ mol’; so 
answer a becomes greater than answer b; and 
the reaction is endothermic (not exothermic). 


3 = minimum amount of energy needed by reacting 
particles for a reaction to happen 


4 a Diagram (similar to right-hand diagram B 
$C19b.2 Drawing reaction profiles in the Student Book) showing: ‘Progress of 
reaction’ on horizontal axis; ‘Heat energy’ 
on vertical axis; first horizontal line lower 
than last part of line; ‘N2(g) + O2(g)’ on 


Students create the profile for each reaction. 
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first part of line; ‘2NO(g)’ on last part of 5 a_ energy in = 1077 + (2 x 436) 
line; upwards arrow from the level of the = 1949 kJ mol" 
reactants line to the level of the products energy out = (3 x 413) + 336 + 464 
line and labelled ‘overall energy change’; = 2039 kJ mol 
upwards arrow from the level of the = _ =H + 
reactants line to the top of the hump and change eis a aL 
labelled ‘activation energy’. b +90 kJ mol 
b Energy is taken in to break bonds in the 6 energy in = (6 x 413) + 347 + (3.5 x 498) 
reactants; energy is given out when bonds = 4568 kJ mol" 
form in the products; less energy is given _ 
out making bonds than is needed to break eneigy out 7 abies ag 6 nae) 
= 6004 kJ mol 
bonds. 
change = 4568 — 6004 = —1436 kJ mol 
SC19b.5 Bond energy calculations The reaction is exothermic because the overall 
Homework 2 energy change is negative/more energy is 
4 Energy is taken in to break bonds in the released when bonds form than is taken in to 
; Fella break bonds. 
reactants; energy is given out when bonds 
form in the products; more energy is given out 7  a- energy in 


making bonds than is needed to break bonds. 


= (3 x 413) + 336 + 464 + (1.5 x 498) 


2 minimum amount of energy needed by reacting = 2786 kJ mol 
particles for a reaction to happen energy out = (2 x 805) + (4 x 464) 
= 3466 kJ mol’ 


3. Diagram (similar to right-hand diagram B 
in the Student Book) showing: ‘Progress of 
reaction’ on horizontal axis; ‘Heat energy’ on 
vertical axis; first horizontal line lower than 
last part of line; ‘N2(g) + O.(g)’ on first part 
of line; ‘2NO(g)’ on last part of line; upwards 


change = 2786 — 3466 = —680 kJ mol" 


b Number of C atoms increases by 1, and 
H atoms by 2 each time; energy change 
decreases by 618 kJ mol each time; 
butanol has 1 more C atom and 2 more H 


arrow from the level of the reactants line to the 
level of the products line and labelled ‘overall 
energy change’; upwards arrow from the level 
of the reactants line to the top of the hump and 


atoms than propanol, so predicted energy 
change for butanol is —-2534 kJ mol". 


labelled ‘activation energy’. 
4 a (4x 413) +612 + 436 = 2700 kJ mol 
b (6x 413) + 347 = 2825 kJ mol" 
c 2700-2825 =-125 kJ mol’ 
d_ Reaction is exothermic. 
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S$C20a Hydrocarbons in crude 
oil and natural gas 


Student Book 


1 / 
sn 1 They are not being made any more; they 


+ ; 
are being made extremely slowly. 


17 
ang 2 compound; of hydrogen and carbon; only 


m 
7™@ 3 Carbon atoms form four (covalent) bonds; 


a they can join together in different ways. 


4°§ 4 Itis a source of fuels; it is a source 
of feedstock/raw materials; for the 
petrochemical industry. 


6s~ 5 They are being used up faster than they 
are being made. 


$1 Crude oil is a complex mixture of 
hydrocarbons; compounds of hydrogen and 
carbon only; hydrocarbons contain carbon 
atoms in chains or rings. 


$2 Crude oil is a source of fossil fuels; petrol, 
kerosene and diesel oil; and a source of 
feedstock for the petrochemical industry; 
natural gas is a source of methane fuel. 


E1 Crude oil formed over millions of years; from 
the remains of dead sea organisms; so it is 
a finite resource; because it is not made any 
more or is being made extremely slowly; it is 
a source of petrol, kerosene and diesel oil; 
these are fossil fuels; also crude oil is a source 
of feedstock for the petrochemical industry; to 
make polymers; these substances are non- 
renewable; because they are being used faster 
than they are formed. 


Exam-style question 


a__ It is a compound of hydrogen and carbon (1) 
only (1). 


b__Itis being used up faster than it is being 
formed (1). 


Activity and Assessment Pack 
S$C20a.1 Modelling hydrocarbons 


Students use molecular modelling kits to model 
hydrocarbons. 


SC20a.2 How crude oil is formed 


1 Correct order for sentence starters: 


e Microscopic plants and animals 
in the sea die 


e They become buried in sediments 
e_ As layers of sediment build up 
e Chemical reactions 


© Pearson Education Ltd 2017. Copying permitted for 
purchasing institution only. This material is not copyright free. 


e = It takes millions of years 

e Crude oil rises through permeable rocks 

e Crude oil is a finite resource because 

e Diesel oil (from crude oil) is a non- 
renewable fuel because 

2 Correct order for sentence endings: 

e and most fall to the sea floor. 

e which keep oxygen away and stop them 
decaying. 

e the pressure and temperature increase in 
the layers below. 


e slowly change the remains into crude oil. 
e for crude oil to form. 


e —_until it comes to a layer of impermeable 
rock. 


e itis not being made any more, or is being 
made extremely slowly. 


e itis being used up faster than it is being 
formed. 


$C20a.3 Crude oil and natural gas 
Strengthen 
1. a_ carbon; hydrogen 
bi 4/four 
ii 1/one 
c Carbon atoms; can join to one another; 


because they form four bonds/more than 
one bond; forming chains and rings. 


2 ~ Two lines drawn: 


finite — not being made any more, or being 
made extremely slowly 


non-renewable — being used up faster than it 
can be replaced 


‘cannot be used again after being used up’ is 
an unused distractor. 


3 Table completed correctly, e.g. 


Fossil fuel | From crude __| From natural 
oil gas 

diesel oil v 

kerosene A 

methane J 

petrol J 


4 Araw material. 


$C20a.4 Hydrocarbons in oil and gas 
Homework 1 
1 =a compound 1; compound 3 

b They contain hydrogen; and carbon; only. 
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2 a_ Table completed correctly, e.g. 


State of individual 
components at room 


temperature 
solid | liquid gas 
natural gas v 
crude oil J Jv v 


b chains; rings 

3. It is not being made any more/it is being made 
extremely slowly. 

4 a asubstance made from crude oil 

It is a raw material. 

Two from: petrol/diesel oil/fuel oil. 

methane 

non-renewable 


qonTrno F&F 


S$C20a.5 Fossil fuels and 
hydrocarbons — Homework 2 


1 =a compound 1; compound 3 
b They contain hydrogen; and carbon; only. 
chains; rings 
It is not being made any more/it is being made 
extremely slowly. 


4 a_ Three from: petrol; kerosene; diesel oil; 
fuel oil. 
methane 


They are being used up faster than they 
can be replaced. 

dasa feedstock; for the petrochemical 
industry 


5 a_i onecost of finding new sources of oil, 
e.g. surveying the land/test drilling 
ii one cost of extracting oil, e.g. cost of oil 
rig/equipment/energy needed 
iii one cost of transporting oil, e.g. cost of 
pipeline/tankers/ships 


b increased production of crude oil; stockpiled 


stores of oil released, e.g. to maintain 
market share or for political reasons 


c In support: the price of oil increased during 
this period; from about 20 dollars per barrel 
to about 105 dollars per barrel; 
against: price could have increased 
because of decreased production/ 
increased demand. Reasoned conclusion 
about whether the graph shows that costs 
increased 1995-2008. 
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SC20b Fractional distillation of 
crude oil 


Student Book 


1 / 
ong 1. The different hydrocarbons in crude oil; 
. have different boiling points. 


M, ; 
m= 2 Suitable table, e.g. 


y LS 

Fraction | Use(s) 

gases domestic heating and cooking 
petrol fuel for cars 


kerosene | fuel for aircraft 


diesel oil | fuel for some cars and trains 


fuel oil fuel for large ships and power stations 


bitumen | surfacing roads and roofs 


L/ 
ae 3 Oil is evaporated; changed from liquid 


ta” : 
to gas state; before it enters the column; 
vapours condense, change from gas 
to liquid state; at different parts of the 
column; at different temperatures/when 
cool enough. 


es 4 Fairly easy to ignite; medium viscosity/ 
flows fairly easily. 


%'s 5 The greater the number of carbon 
atoms; the higher the boiling point; the 
more difficult it is to ignite/lower ease 
of ignition; the higher the viscosity/the 
more viscous/the less easily it flows. 


$1 Oil is heated; evaporates, vapours rise through 
the column; vapours cool; condense at 
different heights; liquid piped off; gases leave 
at the top; bitumen leaves at the bottom; other 
fractions in between. 


$2 The substances/hydrocarbons in a fraction 
have similar numbers of (carbon and 
hydrogen) atoms in their molecules; their 
molecules are similar in size/length; the 
substances have similar boiling points/ease of 
ignition/viscosity. 


E1 Fractional distillation; in a fractionating column; 
oil is heated; evaporates, vapours rise through 
the column; vapours cool; condense at 
different heights; liquid piped off; gases leave 
at the top; bitumen leaves at the bottom; other 
fractions (petrol, kerosene, diesel oil, fuel oil) in 
between. 


E2 Different fractions have different numbers 
of (carbon and hydrogen) atoms in their 
molecules; this means they have different 
(ranges of) boiling points; different ease of 
ignition; different viscosities. The different 
properties mean that fractions have different 
uses; gases useful as fuels for cooking and 
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Sciences 


Answers 


heating, liquid fractions (petrol, kerosene, 
diesel oil, fuel oil) are useful as fuels for 
vehicles; bitumen is solid so useful for roads/ 
roofs. 


Exam-style question 


Physical property given (1) with difference 
described (1), e.g. number of hydrogen and carbon 
atoms in molecules is lower in petrol; boiling point 
is lower in petrol; ease of ignition is easier in petrol; 
viscosity is lower in petrol. Accept opposite answers 
for fuel oil. 


Activity and Assessment Pack 
$C20b.1 Separating crude oil 


1 a_ Viscosity increases as boiling point 


increases. 

b___ Ease of ignition decreases as boiling point 
increases. 

c Colour becomes darker as boiling point 
increases. 


2 a_ Difficulty described, e.g. achieving or 
maintaining the required temperatures. 


b Relevant improvement to address the 
problem identified in part a, e.g. use 
electric heater. 


SC20b.2 Oil fractions and their uses 


2 Correct order (top to bottom): gases, petrol, 
kerosene, diesel oil, fuel oil, bitumen. 


3 Correct order (top to bottom): domestic heating 
and cooking, fuel for cars, fuel for aircraft, fuel 
for some cars and trains, fuel for large ships 
and some power stations, surfacing roads and 
roofs. 


SC20b.3 Fractional distillation of 
crude oil — Strengthen 


1. acompound; of carbon and hydrogen; only 


2 a_ Top of the column labelled ‘cool’. 
b Upwards vertical arrow drawn next to 


the column. 
c i gases 

ii gases 
boiling point 


condensation/condensing 


All four ‘similar’ boxes ticked. 
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SC20b.4 Oil fractions — Homework 1 


1 a_ Table completed correctly, e.g. 


Name of Use of fraction 

fraction 

gases domestic heating and 
cooking 

petrol fuel for cars 

kerosene fuel for aircraft 

diesel oil fuel for some trains 

fuel oil fuel for some power 
stations 

bitumen surfacing roads and roofs 

b i fuel for some cars 


ii fuel for some ships 


2 a_- gas to liquid 


b i Petrol; because it condenses higher up 
the fractionating column; temperature 
decreases going up the column. 


ii Petrol; because smaller hydrocarbons 
travel further up the column/petrol 
has the lower boiling point (so weaker 
intermolecular forces). 


iii Petrol; because ease of ignition 
increases going up the column/smaller 
hydrocarbon molecules ignite more 
easily. 

iv Kerosene; because viscosity decreases 
going up the column/it has larger 
molecules (with stronger intermolecular 
forces). 


3 Crude oil is evaporated/boiled; vapours rise 
and cool down; vapours condense where they 
reach a part cool enough/a part at or below 
their boiling point; liquids condense at different 
heights/column is cooler at the top; gases 
leave at the top; bitumen leaves at the bottom. 


SC20b.5 Fractions and fractionation 
Homework 2 


1 a_i kerosene 
ii gases 
iii bitumen 
b i fuel for large ships; fuel for some power 
stations 


ii fuel for some cars; fuel for some trains 


2 a Diesel oil; because smaller hydrocarbons 
have weaker intermolecular forces; so 
lower boiling points. 


b Diesel oil; because it has the lower boiling 
point. 

c Fuel oil; because it has the larger 
hydrocarbon molecules. 
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3 a fractional distillation 


b Crude oil is evaporated/boiled; vapours 
rise and cool down; vapours condense 
where they reach a part cool enough/a 
part at or below their boiling point; liquids 
condense at different heights/column is 
cooler at the top; gases leave at the top; 
bitumen leaves at the bottom. 


4 a_ Scatter graph plotted with number of carbon 
atoms on the horizontal axis; flashpoint on 
the vertical axis; suitable title; points plotted 
+ 1 space square; scales chosen so that the 
plotted points occupy an area at least 50% 
of the space between axes. 


b i The flashpoint increases as the 
number of carbon atoms increases/the 
flashpoint is proportional to the number 
of carbon atoms. 


ii answer in the range 113-117 °C 


iii Alkanes with fewer than nine carbon 
atoms have flashpoints 13 °C or 
lower; which is less than room 
temperature/20 °C; so they vaporise 
to form a mixture with air that could be 
ignited; which would be dangerous. 


SC20c The alkane homologous 
series 


Student Book 


% 
sa 1. alkanes 


1 / 

oy 2 = ~They differ by CH,; from CH, to C2Hg. 
M% 

is 3 a_ butane: C,H, 
L/ 


eS. 
is b  hexadecane: C,gH3, 
1/7 
ane 4 Asthe number of carbon atoms 


tour ; a ae 
increases; the boiling point increases; 
the increase becomes less as the 
number of carbon atoms becomes 
greater; examples taken from graph. 


x 
7™—s 5 a methane + oxygen 


au ate! 
— carbon dioxide + water 
ah CH, + 20, + CO, + 2H,0 
$1 Same general formula; molecular formulae 
of neighbouring compounds differ by CH,; 
gradual variation in physical properties; such 
as boiling points; similar chemical properties. 


E1 Main components of crude oil are alkanes; 
these have the same general formula; C,,H2,,49; 
molecular formulae of neighbouring compounds 
differ by CH; e.g. CH, and C,H,; gradual 
variation in physical properties; e.g. boiling 
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Answers 


points increase as the number of carbon atoms 
in the molecules increases; similar chemical 
properties; e.g. alkanes react with excess 
oxygen; to produce carbon dioxide and water. 


Exam-style question 


Same general formula/C,,H2, (1) molecular formulae 
of neighbouring compounds differ by CHp (1). 


Activity and Assessment Pack 


S$C20c.1 Modelling different 
homologous series 


1. Alkane similarities: hydrocarbons/contain 
carbon and hydrogen only; all single bonds/ 
C-C bonds; number of hydrogen atoms is 
twice the number of carbon atoms plus two. 
Alkane differences: different numbers of 
carbon atoms/hydrogen atoms; differ from 
each other by CHp. 


Alcohol similarities: contain carbon, hydrogen 
and oxygen only; all single bonds/C—C bonds; 
have an O-H group/one oxygen atom. 
Alcohol differences: different numbers of 
carbon atoms/hydrogen atoms; differ from 
each other by CH. 


Alkene similarities: hydrocarbons/contain 
carbon and hydrogen only; one double bond/ 
C=C bond; number of hydrogen atoms is twice 
the number of carbon atoms. 

Alkene differences: different numbers of 
carbon atoms/hydrogen atoms; differ from 
each other by CHp. 


2 _Drawings/structures showing covalent bonds 
are two-dimensional (not three-dimensional); 
do not show the shape; bond angles are not 
accurate, relative sizes of atoms not shown. 


$C20c.2 Paper alkanes 
1, 2 Students cut and stick the shapes. 
3 methane, CH,; ethane, C,H,; propane, C3H, 


4 Number of hydrogen atoms is twice the 
number of carbon atoms, plus two; C,,Ho,.9. 


5 CeHia 


SC20c.3 Homologous series 
Strengthen 


1 a_i increases by 1 
ii increases by 2 
iii no change/stays the same 


b Changes by one carbon atom and two 
hydrogen atoms/changes by CH,. 


c C,H,Br 
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Answers 


C,Ho+1Br circled 
e The boiling points increase. 


f | Bratom; because it is lost in the reaction/ 
swapped for OH in the reaction/is not 
present in ethane. 


SC20c.4 Alkanes and homologous 
series — Homework 1 


1. Table completed correctly (second and third 
boxes only ticked). 


2 a_i four 
ii ten 
b  C4Hio 
c i Structural formula of pentane drawn, 


showing five C; joined by single lines; 
each C has four lines; 12 H joined (left 
to right to a C — 3, 2, 2, 2, 3) 
[CH3-CH,-CH,-CH,-CHsg]. 

ii Pentane has one more C atom/one 
more C-C bond; two more H atoms/two 
more C-H bonds. 


d__ Differ by CH,/one carbon atom and two 
hydrogen atoms. 


3. a_ They are compounds of carbon; and 
hydrogen; only. 
b i boiling point 


ii Boiling point increases; as the number 
of carbon atoms increases/size of the 
molecules increases. 


SC20c.5 Homologous series and 
alkanes — Homework 2 


1. a_ Two from: contain carbon/hydrogen/ 
oxygen atoms; all contain one oxygen 
atom; the number of hydrogen atoms is 
double the number of carbon atoms. 


b Differ by CH,/one carbon atom and two 
hydrogen atoms. 


c The boiling points increase as the number 
of carbon atoms increases. 


d___butanoic acid 


2 a  CgHig 


b Structural formula of butane drawn, 
showing four C; joined by single lines; 
each C has four lines; ten H joined (left to 
right to a C — 3, 2, 2, 3). 

C  CeoHio2. General formula is C,Ho,49/ 
number of hydrogen atoms is twice the 
number of carbon atoms plus two. 


d_ i From lowest boiling point to highest 
boiling point: butane, octane, 
pentacontane. Boiling point increases 
as the number of carbon atoms 
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increases; butane has 4 carbon 
atoms, octane has 8 carbon atoms, 
pentacontane has 50 carbon atoms. 

ii There is a trend in a physical property/ 
their boiling points; same general 
formula. 


3 a_ The first four alkanes have very low 
densities; compared to the last four; 
particles in gases are very far apart 
compared to particles in liquids; so gases 
occupy much larger volumes/have much 
less mass for the same volume. 

b Density is a physical property; their 
densities increase/show a trend; as the 
number of carbon atoms increases. 


c Answer in the range 590-610 kg/m? 
(actual value is 601 kg/m3). Next alkane 
is pentane; its density is 626 kg/m? and 
the densities between each of the last four 
alkanes differ by 19-34 kg/m*. 


SC20d Complete and 
incomplete combustion 


Student Book 


% 1  CcH, +80, 5CO, + 6H,O 


Yu 
1 / 
on 2 Water: anhydrous copper(II) sulfate 


\d 
- changes from white to blue; carbon 
dioxide: limewater turns milky/cloudy 


white. 
1 / 
3 3 Limited supply of oxygen; so carbon not 


oxidised; released as carbon; carbon 
partially oxidised; released as carbon 


monoxide. 
1 / 
3 4 It combines with haemoglobin; stopping 


oxygen combining; reduces the amount 
of oxygen carried in the bloodstream. 

1 / 
ay 5 __ Blocks pipes/blackens buildings/causes 
breathing problems. 


$1 Alimited supply of oxygen causes incomplete 
combustion; this produces carbon monoxide 
and carbon; carbon monoxide is toxic; 
causes unconsciousness/death; soot blocks 
pipes/blackens buildings/causes breathing 
problems. 


E1 Combustion needs oxygen/air; incomplete 
combustion happens when there is insufficient 
ventilation; carbon monoxide and soot are 
produced; in addition to carbon dioxide and 
water; carbon monoxide combines with 
haemoglobin; reduces oxygen carried in 
bloodstream; so is toxic; soot blocks pipes/ 
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Answers 


blackens buildings/causes breathing problems; 
if ventilation is adequate; carbon dioxide and 
water are produced only. 


Exam-style question 


Carbon monoxide (1) is a toxic gas/combines with 
haemoglobin (1). or 


Soot/carbon particles (1) block pipes or chimneys/ 
makes building dirty/causes breathing problems (1). 


Activity and Assessment Pack 
$C20d.1 Using up oxygen 


1 Graph of burning time (s) against volume 
(cm?), with line or curve of best fit drawn. 


2 Graph drawn in question 1 described, e.g. 
burning time increases as the volume increases. 


3 Reason for relationship given in question 2 
explained, e.g. the more air available, the more 
oxygen available for combustion, so the tea 
light burns for longer. 


4 Results discussed, e.g. closeness or otherwise 
of plotted points to the line of best fit; outliers 
identified and reasons suggested for them 
(e.g. air getting into the container, difference in 
starting size of flame). 


$C20d.2 Modelling combustion 


1. Names correctly matched: carbon C; 
carbon dioxide CO,; carbon monoxide CO; 
methane CH,; oxygen O,; water HO. 


2 a_ Equal numbers of atoms of each element 
on both sides/one C, four H and four O. 


b methane + oxygen 
— carbon dioxide + water 


3. a_ ticked 
b 2H, + Op — 2H,O0 or Hy + 3 Op > H,O 
c C3H, + 50, —> 3CO, + 4H,0 
d C,H, + 30, 2CO, + 2H,0 
e Cs5Hi2 + 80, > 5CO, + 6H,O 


f = CyHig + 65 O, — 4CO, + 5H,0 or 
2C4Hi9 + 1302 > 8COZ + 10H20 


4 a 2C +O, > 2CO or C +40, > CO 
b C,H, +20,-> 2CO + 2H,O 


c CH,+ 15 0) > CO +2H,0 or 
2CH, + 30, > 2CO + 4H,O 
C,H + 20, > C + CO + 3H,O 
C,H, + 30, > 2C + 2CO + 4H,O 
f  CgHy2 + 60, > 2C + 2CO + 2CO, + 6H,O 
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$C20d.3 Complete and incomplete 
combustion — Strengthen 
1 a_ limited 

b incomplete 

c less 


2 Ticks placed in correct boxes, e.g. 


Possible problem (V) 


smoke and soot formed v 


surfaces become damp 


surfaces become black or dirty v 
enhanced greenhouse effect 

may cause breathing problems Jv 
flue pipes from boilers get blocked J 


haemoglobin; red; reduces; brain cells 


4 Answer could include these points: nest 
reduces the amount of oxygen/air getting in; 
so incomplete combustion happens; carbon/ 
soot produced; surfaces get dirty; breathing 
problems; reduces the amount of waste gases 
getting out; carbon monoxide gets into house; 
carbon monoxide is toxic. 


S$C20d.4 Combustion of hydrocarbon 
fuels —- Homework 1 


1 Table completed correctly, e.g. 


Complete Incomplete 
combustion | combustion 
Blue flame Jv 
Luminous 
v 
orange flame 
Hottest flame Jv 
Air hole closed v 


2 a_ carbon dioxide; water 


b methane + oxygen 
— carbon dioxide + water 


c Two from: heating; light; sound/movement. 


3. a_ Ifthe supply of air/oxygen is limited. 


b Two from: smoke produced; soot 
produced; orange flame colour (due to hot 
carbon particles glowing). 


c Two from: blackened/dirty surfaces; 
chimneys/flues blocked; breathing 
problems; causes fires. 


d Carbon atoms; in the hydrocarbon 
fuel; are only partially oxidised/not fully 
oxidised. 


4 a_ To warn if carbon monoxide is being 
produced; because we cannot see or 
smell it; and it causes unconsciousness/ 
death. 
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b Carbon monoxide is breathed in; gets 
into the bloodstream; combines with 
haemoglobin in the red blood cells; 
reduces amount of oxygen carried in 
the blood. 


$C20d.5 Hydrocarbon fuels and 
combustion — Homework 2 


1. a_ carbon dioxide; water 
CH, + 20, > CO, + 2H,0 


If the supply of air/oxygen is limited. 


Two from: smoke produced; soot 
produced; orange flame colour (due to hot 
carbon particles glowing). 


c Two from: blackened/dirty surfaces; 
chimneys/flues blocked; breathing 
problems; causes fires. 


d Carbon atoms; in the hydrocarbon 
fuel; are only partially oxidised/not fully 
oxidised. 


Tro 0 fF 


e CgHig + 65 O, — 4C + 4CO + 9H,O or 
2CgHig + 1302 > 8C + 8BCO + 18H,O0 


3. a_ Towarn if carbon monoxide is being 
produced; because we cannot see or smell 
it; and it causes unconsciousness/death. 


b Symptom of carbon monoxide poisoning, 
e.g. drowsiness/unconsciousness/death. 


c Carbon monoxide is breathed in; gets 
into the bloodstream; combines with 
haemoglobin in the red blood cells; 
reduces amount of oxygen carried in the 
blood. 


d co +405 CO, or 2CO + O, > 2CO, 


4 a_i Carbon; because the carbon atoms 
have not reacted with oxygen. 


ii More energy is released during 
complete combustion, 1.65 to 2.2 times 
more energy; compared to incomplete 
combustion. 


iii As the amount of oxygen available 
decreases, the amount of energy 
released decreases; because the most 
energy is released during complete 
combustion when the most oxygen is 
available, and the least energy when 


the least amount of oxygen is available. 


b Incomplete combustion releases less 
energy than complete combustion; so 
more fuel is needed/fuel is wasted; this 
costs more money. 
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Two from: heating; light; sound/movement. 


SC20e Combustible fuels and 
pollution 


Student Book 


L/ 


5s" 1 sulfur dioxide/oxides of nitrogen 


s@ 2 S+0,—>S0, 


ta 
M, ree : : 
4°— 3 Two from: acidifies rivers/lakes/soil; 


increases rate of weathering of stone; 
increases rate of corrosion of metals; 
harms living things/trees/fish/aquatic 

insects. 


éor8 4 CaCO; + H,SO, = CaSO, + H,0 + CO, 


L/ 
ong 5 a_ Sulfur impurities; in the fuel; react 
i ; : . 
with oxygen; during combustion; to 
produce sulfur dioxide. 
1 / 
oy b Nitrogen and oxygen; in air; react 


together; in the high temperatures; 
inside engines/furnaces. 


1 / 
aie 6 2NO,—>N, +20, 


$1 Hydrocarbon fuels contain sulfur; impurities; 
which form sulfur dioxide when the fuel is 
burnt; nitrogen and oxygen; in air; react 
together; in the high temperatures; inside 
engines; to produce oxides of nitrogen. 


$2 Acid rain acidifies rivers/lakes/soil; increases 
rate of weathering; of stone/limestone/marble; 
increases rate of corrosion; of metals; harms 
living things/fish/aquatic insects/crops/trees. 


E1 Hydrocarbon fuels contain sulfur; impurities; 
which form sulfur dioxide when the fuel is 
burnt; nitrogen and oxygen; in air; react 
together; in the high temperatures; inside 
engines; to produce oxides of nitrogen; sulfur 
dioxide and oxides of nitrogen are pollutants; 
substances released into the environment; 
where they cause harm. 


E2 Acid rain is caused by acidic oxides/sulfur 
dioxide/oxides of nitrogen; dissolving in rain 
water; release of sulfur dioxide depends upon 
fuel use/removal of sulfur at the oil refinery; 
release of oxides of nitrogen depends upon 
fuel use/use of catalytic converters; effects 
of acid rain can be reduced; using limestone/ 
calcium hydroxide; to neutralise excess acid. 


Exam-style question 


Sulfur reacts with oxygen (1) releasing sulfur 
dioxide (1) which causes acid rain (1). 


Edexcel GCSE (9-1) 
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Activity and Assessment Pack 


$C20e.1 Building materials and acid 


1 
2 


Substances giving a visible reaction named. 


Explanations of possible damage (wearing 
away, holes, corrosion) to buildings given, 
e.g. zinc roofs damaged; steel nails, screws 
and (exposed) girders damaged; aluminium 
window frames damaged; walls damaged 

if they are made from limestone, marble or 
concrete. 


Advantages could include: indoors rather than 
outdoors; faster; buildings are not damaged. 


Disadvantages could include: acid may not 
be at the same concentration as acid rain; 
materials often not used separately; results 
may not accurately reflect long-term exposure 
to acid rain. 


Conclusion given, supported by one or more 
advantages and/or disadvantages. 


$C20e.2 Investigating a pollution 
problem 


Investigation outlined for one or more of the 
hypotheses A-E, e.g. 


A 


Use a pH meter to measure the pH of lake 
water. Identify an acidic lake and a normal 
control lake. Estimate the population of one or 
more species of fish in each lake, for example, 
by mark and recapture. You would expect 
fewer fish in the acidic lake if the hypothesis is 
correct. 


Use a pH meter to measure the pH of lake 
water and the pH of the rain falling in the area 
around the lake. You would expect acidic rain 
to fall around acidic lakes if the hypothesis is 
correct. 


Measure and record the amount of sulfur 
dioxide in the air in areas with and without 
acidic rainfall, e.g. by drawing air through 
distilled water and titrating the solution to 
determine the concentration of acid. You would 
expect the pH of rain to decrease (become 
more acidic) as the amount of sulfur dioxide 
increases if the hypothesis is correct. Students 
could also point out that the method of drawing 
air through water would not allow you to 
separate out the effect of sulphur dioxide from 
other acidic gases. 


Measure and record the amount of sulfur 
dioxide in vehicle exhaust fumes and power 
station flue gases, e.g. by drawing them 
through distilled water and titrating the solution 
to determine the concentration of acid. You 
would expect acidic solutions to form if the 
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Answers 


hypothesis is correct. Students could also point 
out that the method of drawing air through 
water would not allow you to separate out 

the effect of sulphur dioxide from other acidic 
gases. 


E Obtain sulfur dioxide emission data for Norway 
and nearby countries. Measure and record the 
pH of lake water in these countries. You would 
expect Norwegian lakes to be more acidic than 
expected for its sulfur dioxide emissions if the 
hypothesis is correct. 


SC20e.3 Combustible fuels and 
pollution — Strengthen 


1. a_ carbon; hydrogen 
b — sulfur 
c_ The fuel contains carbon and hydrogen 
only/does not contain sulfur. 
high 
nitrogen; oxygen 
air 


»9 0 OT 


Table completed correctly, e.g. 


Possible problem (Y) 


crop yields increased 


fish eggs fail to hatch v 


limestone weathers more slowly 


metals corrode more quickly v 


trees and fish are killed J 


b Crop yields decreased; limestone 
weathers more quickly. 
4 a  4NO,(g) + 2H,O(I) + O2(g) > 4HNO;(aq) 


b_ Nitrogen and oxygen react together; at 
the high temperatures in engines; to 
produce nitrogen dioxide, which reacts 
with oxygen and water in clouds to form 
dilute nitric acid. 


$C20e.4 Pollution from hydrocarbon 
fuels - Homework 1 


1 a_ sulfur 
b It is present as an impurity. 


c i Products: calcium sulfate; carbon 
dioxide; water. 


ii Products: iron sulfate; hydrogen. 
2 a_ Asubstance that can harm the 


environment or the organisms that live 
there. 


high temperatures 


Oxygen; and nitrogen; from the air; react 
together; at high temperatures. 
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d One problem caused by nitrogen dioxide, 


e.g. breathing difficulties/bronchitis/acid 
rain. 


Answers 


Conclusion, e.g. data show a relationship 
but this does not mean that sulfur dioxide 
emissions cause asthma; there may be a 


common factor to both variables/other causes 


Plants/trees/crops damaged/killed. for change in new cases of asthma. 


b_ Fish killed/insects killed/fish eggs do not 
hatch. 
c Stonework eroded/stonework weathered/ 


SC20f Breaking down 


structure broken down. . hyd rocarbons 
d__Increased rate of corrosion/metals 
weakened. Student Book 
ee 4 fuel oil; bit 
SC20e.5 Hydrocarbon fuels and ” oe eet 
. L/ 
pollution — Homework 2 ee b gases; petrol, kerosene; diesel oil 
1 Sulfur/sulfur compounds; are present as 7 2 missing formula: C,4H4o 
impurities; in some hydrocarbon fuels; the = 
sulfur reacts with oxygen when the fuel burns; oy 3 Saturated hydrocarbons only have 


producing sulfur dioxide. 


C-C bonds/do not contain C=C bonds; 
unsaturated hydrocarbons do contain (a) 


2 a SO, +H,0 > H,SO3 
4 C=C bond(s). 
b i H,SO, +3 O2 > H,SO, or “% 4 2H,(g) + On(g) > 2H,O 
th’ > 
2H,SO, + 0, > 2H,SO, a 2(9) + O2(9) 20(9) 
ii It gains oxygen/reacts with oxygen oy Hydrogen molecules are closer together 
S. = sreupeinecanatean han ithe in the liquid state; so more hydrogen can 
; : : be stored in the same volume. 
environment or the organisms that live 
there $1 Cracking is used; larger alkanes are broken 
b Oxygen; and nitrogen; from the air; react down; to form smaller alkanes; useful as fuels; 
together; at the high temperatures inside and alkenes; useful for making polymers. 
the engines; to form oxides of nitrogen. $2 Advantages: water vapour is only product; does 
c One problem caused by nitrogen dioxide, not produce carbon dioxide in use; does not 
e.g. breathing difficulties/bronchitis/acid release greenhouse gas in use. Disadvantages: 
rain. difficult to store; few hydrogen stations. 
4 a CaCO, + H,SO, > CaSO, + H,0 + CO, E1 Oil fractions heated; to evaporate them; 
b The structure of the limestone/marble vapours passed over hot catalyst; larger 
is broken down; rain/wind removes the alkanes are broken down; to form smaller 
products formed. alkanes; useful as fuels; and alkenes; useful 
os a for making polymers; matches supply of 
trees/crops are damagedhkilled. 
er iste ; E2 Factors include: how easily stored/petrol 
b_ Acid rain causes extra acidity in the water; : : 
; : é : more easily stored than hydrogen; amount of 
fish killed/insects killed/fish eggs do not . : 
hatch energy released; combustion products/carbon 
oa dioxide and water vapour from petrol/water 
c The acid rain reacts with the iron/steel; vapour only from hydrogen; availability of filling 
forming (soluble) salts/iron sulfate; this stations/more petrol stations than hydrogen 
weakens the structure of the metal/ stations. 
increases the rate of corrosion. 
6 Strengths: graph shows that emissions of Exam-style question 


sulfur dioxide and the rate of new cases of 
asthma decrease between 2004 and 2011; and 
increase from 2011 to 2012. 

Weaknesses: emissions increase from 2009 

to 2010 but rate of new cases of asthma 
decreases over the same period; around 6% 
(100% minus 94%) of sulfur dioxide emissions 
are not due to the combustion of hydrocarbon 
fuels. 
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a 


Breaking down of larger, saturated 
hydrocarbon molecules/alkanes (1) into 
smaller, more useful alkanes and alkenes (1) 


Missing formula: CzHg (1) 
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Sciences 


Activity and Assessment Pack 
SC20f.1 Cracking paraffin oil 


These are the answers to the questions on page 2. 


1 a_i Bromine water test with paraffin oil 
discussed, e.g. if no colour change, no 
alkenes detected. 


ii Bromine water test with contents of test 
tubes discussed, e.g. if there was a 
colour change, alkenes were detected. 


b Answers to part a discussed, e.g. alkenes 
were not present in the paraffin oil but 
were produced during the reaction in the 
experiment. 


2 Original paraffin oil is liquid at room 
temperature; so higher boiling point than the 
gases collected; so the molecules in paraffin oil 
are larger than the molecules collected in the 
test tubes. 


3. The first few bubbles will mainly be air; from 
expansion inside the apparatus as it heats up. 


4 The broken pot is the catalyst/catalyses the 
reaction. 


5 Endothermic reaction; because more heat 
energy is needed to break bonds (in the 
reactants) than is given out forming bonds (in 
the products). 


SC20f.2 Supply and demand 
1 increasing size 
2 a_ fuel oil 

b petrol; Kerosene; diesel oil 


3 Fraction in over-supply contains larger 
molecules than the fractions in under-supply. 


4 Answer could include: the oil refinery should 
use cracking; on the excess fuel oil barrels; 
this will convert the larger alkanes into smaller 
alkanes; and alkenes. Smaller alkanes are 
useful as fuels; the demand for them is greater; 
than the supply of them. 


SC20f.3 Cracking and hydrogen 
Strengthen 


1 a_ Table completed correctly, e.g. 


1 2 3 
Largest molecule Jv 
Smallest molecule Jv 
Contains C—C bonds Jv Jv 
Contains C=C bonds Jv 


b 3 
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Answers 


saturated; alkanes; unsaturated 


a carbon dioxide; water 

b water 

c Greenhouse gas/global warming/ 
acidification of the oceans. 


Two advantages, e.g. more likely to live near 
to a filling station; the car is likely to be able to 
make longer journeys. 


SC20f.4 Fuels and cracking 
Homework 1 


1 


Table completed correctly, e.g. 


Alkanes | Alkenes 
Saturated 
J 
compounds 
Unsaturated 
J 
compounds 


alkanes with shorter chains 
alkenes 


Breaking down of larger, saturated 
hydrocarbon molecules/alkanes; into smaller, 
more useful ones; some of which are 
unsaturated/alkenes. 


There is a surplus of fractions with larger 
molecules, e.g. fuel oil and bitumen; but a 
shortage of fractions with smaller molecules, 
e.g. gases, petrol, kerosene, diesel oil; smaller 
hydrocarbons are more useful as fuels/ 
feedstock for petrochemicals; cracking helps to 
match supply with demand; cracking produces 
smaller more useful hydrocarbons. 


a One advantage of hydrogen, e.g. can be 
manufactured in different ways/can be 
manufactured using renewable energy 
resources/does not produce carbon 
dioxide (greenhouse gases) when in use. 


b Two disadvantages of hydrogen, e.g. it is 
expensive to produce/it is a gas at room 
temperature/difficult to store/fewer filling 
stations. 


SC20f.5 Cracking and fuels 
Homework 2 


1 


10 


a They are compounds of carbon and 
hydrogen; only. 
bi All their carbon atoms are joined by 
C-C bonds. 


ii They contain a C=C bond. 


Edexcel GCSE (9-1) 


Sciences 


Answers 


Ethene is an alkene/unsaturated 
hydrocarbon; but ethane is an alkane/ 
saturated hydrocarbon; so acidified 
potassium manganate(VII) reacts with the 
C=C bond in ethene. 


alkane 


Breaking down of larger, saturated 
hydrocarbon molecules/alkanes; into 
smaller, more useful ones; some of which 
are unsaturated/alkenes. 


To match supply with demand; larger 
hydrocarbon molecules are lower in 
demand than smaller hydrocarbon 
molecules; smaller hydrocarbons are 
more useful as fuels/feedstock for 
petrochemicals. 


Carbon dioxide is produced by the 
combustion of petrol; but not by the 
combustion of hydrogen; carbon dioxide 
is a greenhouse gas; linked to global 
warming/climate change. 


Manufacture of hydrogen requires 
energy; for heating water to make steam/ 
for generating electricity for electrolysis; 
which may use hydrocarbon fuels. 
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Advantage of hydrogen, e.g. can be 
manufactured in different ways/can be 
manufactured using renewable energy 
resources. 

Two disadvantages of hydrogen, e.g. it is 
expensive to produce/it is a gas at room 
temperature/difficult to store/fewer filling 
stations. 


It needs higher temperatures/pressures; 
these need a large amount of energy; 
which is expensive. 


So it can supply both feedstock for 
petrochemicals and fuels. 


Temperature around 900 °C; as this is the 
highest temperature; so the carbon chains 
are broken near the ends; producing 
ethene/alkene with two carbon atoms; 
ethene is the monomer for making 
poly(ethene). 


Edexcel GCSE (9-1) 


Sciences Answers 


SC21a The early atmosphere $1 Two from: Evidence 1 — The early Earth was 
highly volcanic and volcanoes on Earth and on 
Student Book other rocky planets produce carbon dioxide, 
M% a water vapour and small amounts of other 
oy 1 These bodies are unlikely to contain life gases. Therefore, it is likely that the Earth 
so their amtospheres might be similar to originally had large quantities of carbon dioxide 
the early Earth's atmosphere. in the atmosphere. Evidence 2 — The early 


ie So. Baleanoeereeacuicn HG Earth’s atmosphere was unlikely to contain 
- ; satu eda nitrogen. Titan’s atmosphere is mainly nitrogen, 
ceo inG the almibs piel, including which is thought to have been released 
carbon dioxide, water vapour and small by volcanoes, but Titan has an icy interior 
amounts of other gases. whereas Earth is a rocky planet. Evidence 3 


so 3 a carbondioxide — The mineral iron pyrite is found in old rock. 
=" In an oxygen atmosphere this mineral would 
7s b Earth is a rocky planet, it does not have broken down. Therefore, it is thought that 
a have an icy interior. oxygen levels were very low. 
na 4 There was a lot of volcanic activity E1 Mars is unlikely to contain life, so its 
sa on the early Earth. Venus also has atmosphere may be similar to that of the early 
volcanoes and Venus’ atmosphere is Earth before life evolved. Volcanoes are likely 
thought to be caused by volcanoes. to have played an important part in forming 
Venus’ atmosphere is mainly carbon the Earth's atmosphere as they release large 
dioxide. amounts of gas. Earth and Mars are rocky 
im planets with volcanoes. Similar to the early 
sa 5 When the Earth cooled down, it caused Earth, Mars has lots of volcanic activity today. 
water vapour to condense to liquid The early Earth’s atmosphere is likely to have 
water, which formed the oceans. contained a large amount of carbon dioxide 
% and small amounts of other gases released 
s“@ 6 The presence of iron pyrite in early rock from volcanoes, similar to Mars. Oxygen is not 
because it breaks down in the presence released by volcanoes, so the early Earth’s 
of oxygen. atmosphere is likely to have contained little or 


. . no oxygen, similar to Mars. 
6*s 7 There is more evidence taken from yg 


wv : 

Earth to support the idea that the Exam-style question 
early atmosphere contained little or no 
oxygen, rather than ideas from planets As the Earth cooled, water vapour in the 
and moons in the Solar System that atmosphere condensed (1) to form the oceans. 
we think are similar to the Earth’s early The amount of water vapour in the atmosphere 
atmosphere. decreased (1). 
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Edexcel GCSE (9-1) 


Sciences 


Answers 


Activity and Assessment Pack 2 Scientists think that the early atmosphere 
was released by volcanoes, and these do 
$C21a.1 Oxygen and the early not release oxygen. There is also no direct 
atmosphere evidence for oxygen in the atmosphere until 
Pa ; 2.4 billion years ago, when rocks containing 
1 Timeline using cards: iron oxides started to be formed. This is after 
Hypotheses Evidence Evidence the first life forms started to appear. These 
' Scientists think |The earliest {Examples | oiganlems would have pholbeyiiheslsed alld 
there was little known rocks include iron pledged emgenibarit would have taken a 
pr actoxjaenin sroahoute4 pyrileandiron long time for the oxygen to collect in large 
neat " bill : Id onal enough amounts to find evidence of it. Today, 
ae ei ea AON NS the main process that releases oxygen into the 
tins time: Snicontelly KOM | atmosphere is still photosynthesis. 
: compounds that : 
: would form if 3 Uncertainty is caused by the events occurring 
i there were no a long time ago, with an incomplete record. It 
! oxygen around. | is possible that more than one mechanism may 
' Scientists think { The oldest : They are all explain some of the changes. 
! that oxygen fossils date ! examples of 
: production : from over : organisms SC21a.2 The early atmosphere 
ibyorganisms ;3 billion years; that could Strengthen 


i started just over ; ago. 


i photsynthesise. | 
: 3 billion years 


1. water vapour (left middle) 


OOF ee condensed to form oceans (middle bottom) 
: Scientists : The oldest : These rocks aor F 
think that a ‘ rocks that : contain a type eee Wnt 
i little oxygen i contain any i of iron oxide methane, nitrogen, ammonia 
i had started to _: type of iron | (Fe,O,) that 
collect in the oxide are about only forms if aiehehy. Gd ne he denes Nght middle) 
‘atmosphere at 2.4 billion years : there is only 2 a_ carbon dioxide 
i this time. i old. i a little oxygen b The volcanoes do not release oxygen. 
Poo available, | There are no photosynthetic organisms. 
: Scientists think : Rocks dating _; This type of iron : Any oxygen immediately reacts. 
: inere ue : soe about | oxide (Fe20s) 3 There were no photosynthetic organisms on 
quite a lot of 1.8 billion Pluie! contains a the early Earth so the Earth’s early atmosphere 
aygen ih the jagocontaina —_; greater ratio of would be unchanged volcanic gases, like the 
| atmosphere at | different type of | oxygen to iron atmosphere of Mars and Venus. 
i this time. : iron oxide which : than the iron 
: forms when ‘ oxide contained | 4 Higher levels of oxygen in iron compounds 
‘thereis much ‘in mucholder | formed nearer to the present time suggests 
‘more oxygen _/ rocks. that less oxygen was available for oxidation in 
: present. the past. 
: Scientists : The : In the lab, 
i think that the | concentrations; heating copper 
i atmosphere : of different iin a sealed 
contains 21% —_; gases in the i gas syringe 
! oxygen. : atmosphere : containing 
are monitored | 100 cm$ of air 
: around the i should reduce 
: world using i the volume of 


i sophisticated 
: instruments for 
: analysis. 


i gas by 21 cm®. 
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Edexcel GCSE (9-1) 


Sciences 


Answers 


S$C21a.3 Gases in the atmosphere 
Homework 1 


1 


What the Earth’s early atmosphere is thought 
to have contained 


Evidence for what the Earth’s early atmosphere 
contained 


Water vapour 


Water vapour condenses to form liquid when it cools, 
which would form the large oceans we see today. 


Small amounts of methane and ammonia 


Volcanoes on Earth release small amounts of 
methane and ammonia. 


A large amount of carbon dioxide 


Volcanoes on rocky planets in the Solar System are 
thought to release carbon dioxide and there was a lot 
of activity on the early Earth. 


Little or no oxygen 


The earliest fossils of photosynthetic organisms are 
about 1 billion years younger than the Earth. 


2 500, hot, atmosphere, vapour, volcanoes, 
4, cooled, vapour, condense, liquid 


3 a 4:3 
b 3:2 
c 8 
d 9 
e Fe,O3 requires more oxygen in order 
to form. 
f | Fe,0, because it requires less oxygen 


in order to form. 


g_ Microorganisms that were 
photosynthesising. 


$C21a.4 Atmospheres in the Solar 
System — Homework 2 


1 


Planetary 
body 


% nitrogen 


% carbon 
dioxide 


% water 
vapour 


% hydrogen 


% oxygen 


% helium 


Venus 3.5 96.5 


0.002 


Titan 98.4 - 


2.7 95.3 
0.04 


Mars 


Earth 78 


0.4 


21 


Jupiter 


89.8 10.2 


2 Volcanoes caused changes to the 
atmospheres of other planetary bodies. 


3 a methane or ammonia 


b It is based on only one volcano and one day. 


c Collect data over a much longer time 
period; collect data from many volcanoes 
around the world; to ensure that the 
greater amount of data will account for 
anomalies. 


4 Hypothesis A, because the Earth has a rocky 
interior like Venus and Mars. 


5 Water vapour was stripped away by solar 
winds. 
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Condensation of water as the Earth cooled 
leading to the formation of oceans. 


Photosynthesis has removed carbon dioxide 
and increased oxygen levels. 


Nitrogen is unreactive. 


Comets may have brought water from 
elsewhere. 


Edexcel GCSE (9-1) 


Sciences 


Answers 


S$C21b The changing 
atmosphere 


Student Book 
1 / 
pre 1. The water vapour condensed to form the 

oceans. 


L / 
“eg 2 ‘The bacteria need light to 


photosynthesise. 


L/ 
7™@ 3 Ancient stromatolites are thought to 


ail have been formed by cyanobacteria 
which are organisms that 
photosynthesise. The bacteria grew 
in huge colonies and produced sticky 
mucus, which trapped layers of sand. 
Stromatolites are over 3 billion years old 
so support the idea that photosynthesis 
was occurring at this time. 


7§ 4 Plants photosynthesise, which releases 
oxygen and uses carbon dioxide, so 
levels of oxygen in the atmosphere 
increased and levels of carbon dioxide 


decreased. 
17 
5" 5 a Use a glowing splint. In the 
presence of oxygen, the splint will 
relight. 
Me 4 
oy b Either: oxygen supports 


combustion, or: oxygen supports/ 
accelerates combustion. 


$1 Absorption of carbon dioxide in the oceans 
removed carbon dioxide from the atmosphere. 
The uptake of carbon in shells by sea creatures 
and rocks allowed more carbon dioxide to 
dissolve into the ocean. The development of 
photosynthesising organisms (which use carbon 
dioxide) also led to the removal of carbon dioxide 
from the atmosphere. 


$2 Cyanobacteria started to release oxygen into 
the atmosphere during photosynthesis. Further 
evolution of plants increased the release of 
oxygen even more. 


E1 Primitive photosynthetic organisms such as 
cyanobacteria used up carbon dioxide and 
released oxygen during photosynthesis. Sea 
creatures formed shells from dissolved carbon 
dioxide in the ocean, allowing more carbon 
dioxide from the atmosphere to dissolve. 


Exam-style question 


Carbon dioxide dissolved in the oceans, removing 
it from the atmosphere (1). Sea creatures used 
the dissolved carbon dioxide to form shells (1), 
allowing more carbon dioxide to dissolve in the 
oceans, and removing more carbon dioxide from 
the atmosphere (1). 
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Activity and Assessment Pack 
$C21b.1 Testing the atmosphere 


3 a One possible source of error could be due 
to gas escaping from the boiling tube. 


b_ The test could take place in a sealed 
container that does not require opening. 


$C21b.2 Atmospheric composition 
data 


1 Correctly plotted graph 
2 ~ Answers may include: 


Drop in carbon dioxide due to: 


carbon dioxide being absorbed in the 
ocean formed by condensation of water 
vapour 


photosynthetic activity of living organisms 


carbon dioxide being taken up as 
carbonates in shells of sea creatures 


formation of carbonate rocks and fossil 
fuels. 


Increase in oxygen due to: 


evolution of life, algae and bacteria to form 
plants. 


Increase in nitrogen due to: 


nitrogen accumulating because it is a 
fairly unreactive gas that is emitted from 
volcanoes. 


$C21b.3 The changing atmosphere 
Strengthen 


1 oceans, atmosphere, carbon dioxide, marine, 
carbonate, sediment, sedimentary 


2 a 21% 
b 0% 

3 Oxygen levels go up and carbon dioxide levels 
go down. 


This is because photosynthesis involves the 
conversion of carbon dioxide and water to form 
glucose and oxygen. 


4 a_ cyanobacteria 
b 3.5 billion years ago 


5 carbon dioxide — turns limewater from 
colourless to milky 


oxygen — relights a glowing splint 


hydrogen — goes ‘pop’ when ignited 


Edexcel GCSE (9-1) 


Sciences 


$C21b.4 How the Earth’s 
atmosphere has changed 
Homework 1 


Answers 


SC21b.5 Gases and evidence 
Homework 2 


1. a_ Limewater changes from colourless to 
1 hypothesis An idea that explains milky in the presence of carbon dioxide. 
how or why something Oxygen relights a glowing splint. 
happens. It can be used A squeaky pop is heard when hydrogen is 
to make predictions, which ignited in a test tube. 
are then tested using ; ; ; 
experiments. 2 a_ photosynthesis/photosynthetic organisms 
s gas Aas ; ; 2 (not just plants) 
Phoweynines!> ea Reacyonstnat b Any oxygen produced reacted with other 
occur in the green parts ; , : : 
ie substances/iron/ remained dissolved in the 
of plants. Carbon dioxide 
; oceans. 
and water combine to form 
glucose. c There were less of the other substances/ 
a ; : iron for oxygen to react with/the oceans 
respiration Aseries of reactions — had dissolved as much as they could/there 
occurring in living cells in were greater numbers of photosynthetic 
which glucose is broken microorganisms. 
donnioieiaaee aneigy: d___Land plants increased the area over 
2 a _ increase in oxygen levels which photosynthetic organisms could 
b carbon dioxide + water > glucose + exist. There was more photosynthesis 
oxygen and so greater amounts of oxygen were 
produced. 
3 a You would see effervescence/bubbles. . 
: 3 a _ Carbon dioxide dissolves in the oceans. 
b Shake a sample of collected gas with . 
limewater/bubble the gas through b formation of insoluble salts 
limewater. A cloudy/milky colour/precipitate c inthe formation of marine shells and the 
indicates a positive result for carbon subsequent deposition of associated 
dioxide. sediment and the formation of sedimentary 
c Place a wooden splint that is just glowing rock 
into a tube of the collected gas. The permanently trapped as sedimentary rocks 
appearance of a flame indicates a positive e As marine animals remove carbon dioxide 
result for oxygen. the oceans have more capacity to dissolve 
4 further amounts of carbon dioxide from the 
atmosphere. 
Event Order 4 Students’ diagrams to show how cyanobacteria 
The carbon dioxide dissolved in 2 form stromatolites. 
the oceans. Stromatolites form in shallow waters. Near 
Some sea creatures used this 3 to the surface of these waters live colonies 


of photosynthesising cyanobacteria. They 
produce a sticky mucus that traps sand and 
sediment. The layers build up to form rocky 
shapes called stromatolites. 


dissolved gas to help make calcium 
carbonate in their shells. 


The early atmosphere contained a 1 
large amount of carbon dioxide. 


The rocks trapped the calcium t 
carbonate and so carbon dioxide was 
not released back into the water. 


SC21c The atmosphere today 
Student Book 


This removed carbon dioxide from the 4 
water. % a 
ot sug 1. carbon dioxide, methane and water 
When the sea creatures died, their 6 vapour 
remains formed sedimentary rocks. me 
More carbon dioxide could then 5 ss 2 The greenhouse effect warms the 
dissolve in the oceans from the Earth’s surface. 
atmosphere. 
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Sciences 


Answers 


oe 3 Associated with industrialisation is 
» increased burning of fossil fuels. 
The burning of fossil fuels releases 
vast amounts of carbon dioxide into 
the atmosphere. Carbon dioxide is a 
greenhouse gas. 
og 4 a_ Global warming is the rise in 
. average global temperature. 
cog b = Global warming is the rise in 
aes 
the average global temperature, 
whereas climate change is changes 
to average weather conditions (and 
is thought to be caused by global 
warming). 
ee 5 a_ One thing causes another. 
cog b  Ascarbon dioxide levels have risen, 
aes 


so has the average temperature 

of the Earth’s surface. There is 
evidence that carbon dioxide 
absorbs infrared. There is also 
satellite data that confirms that 

as carbon dioxide levels have 
increased, there has been a 
reduction in infrared from the Earth 
leaving the atmosphere. This 
supports the idea that carbon dioxide 
may cause a temperature rise. 


M : ones es, 
7™g 6 using carbon dioxide gas trapped in ice 
_” cores 


$1. There is a strong correlation between 
greenhouse gas levels and average global 
temperatures. As greenhouse gas levels 
have increased, so have average global 
temperatures. There is evidence that supports 
the idea that carbon dioxide absorbs infrared. 
There is also satellite data that confirms that 
as carbon dioxide levels have increased, there 
has been a reduction in infrared from the 
Earth leaving the atmosphere. This evidence 
supports the idea that increasing levels of 
greenhouse gases have caused increased 
average global temperatures. 


E1 Description including some of the following 
points: collect global temperature data; collect 
carbon dioxide data; check for a correlation; 
find a mechanism for how this could work 
(evidence for the causation) e.g. test to see 
if carbon dioxide-enriched atmospheres do 
hold more heat, build a physical model or use 
infrared data from satellites; lots of accurate 
data required. 
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Exam-style question 


Greenhouse gases absorb energy from the Earth 
(1). These gases re-radiate this energy (1). This 
causes an increase in temperature over and above 
that which would have occurred if lower amounts of 
greenhouse gas had been present (1). 


Activity and Assessment Pack 


$C21c.2 Carbon dioxide and 
temperature variations 


1 


a 1950-2000 
b_ This is where the line is steepest. 


About 125 ppmv 
burning of fossil fuels, increased deforestation 


Either concentrations of gases in the cores 
might change over time (due to diffusion, 
dissolving, etc.) or ice cores can only be taken 
from very cold places and the concentration of 
carbon dioxide in hot places in 1750 may have 
been very different. 


a Similarities: both produce bands, one 
band per year. 
Differences: trees are used to estimate air 
temperature/coral for water temperature, 
tree measurements use the width/size 
of the ring/coral measurements use the 
composition of substances in the layers. 


b = One from: clearly demarked rings, rings 
that are a consistent width around a 
trunk and don’t form wave-like patterns, 
trees that naturally produce thicker rings 
because they grow faster. 


c_ Both sets of data may also be influenced 
by other factors such as nutrient sources 
and local variations. 


Both temperature change and carbon dioxide 
concentration change in similar ways at the 
same time. 


Carbon dioxide absorbs infrared radiation. 
Satellite data shows that there has been a 
reduction in infrared radiation leaving the 
Earth as carbon dioxide levels have risen. 
This shows a possible mechanism as to 
how and why average global atmospheric 
temperature may have risen. 


Points in support of the idea: 


e Carbon dioxide levels have risen a lot 
recently (top graph) and this has been due 
to more people/industry using more and 
more fossil fuels. 


e The bottom graph shows that temperature 
and carbon dioxide levels are correlated 
and so the extra carbon dioxide produced 
by people has probably caused the recent 
rise in global temperatures. 


Edexcel GCSE (9-1) 


Sciences 


Points against/missing evidence: 


There is no information on the sheet that 
shows that fossil fuel use has increased 
during this time period. We need this 
information in order to be more sure that 
the idea is correct. 


We cannot be sure that rises in carbon 
dioxide in pre-history caused temperature 
increases or whether it was the other way 
around. 


We need information to show that carbon 
dioxide does indeed ‘trap’ energy. 


SC21c.3 The atmosphere today 
Strengthen 


1 8a 


Accept answers between 130 000 and 
140 000 years ago. 


correlation 


emits, greenhouse, transferred, warm, 
absorb, infrared, increased, decreased 


2 carbon dioxide, methane, water vapour 


3 causal link — evidence that explains how and 
why one variable causes changes in another 


correlation — two variables change in a way that 


seems to be linked 


resolution — the smallest change that can be 
measured 


4 a 


Thermometers today are more accurate/ 
have a better resolution or they record 
temperature continuously and so are less 
affected by sudden anomalous changes. 


The temperature changes in one place in 
central England are caused by different 
factors than cause temperature changes 
in other parts of the world. 


SC21c.4 The composition of the 
atmosphere — Homework 1 


1 =A 
B 


Cc 


Energy is transferred from the Sun. 
Energy from the Sun reaches the Earth’s 
surface. 

Some emitted energy is transferred to 
space. 

Some of the energy that reaches the 
Earth’s surface is reflected back into 
space. 

The warm Earth emits energy. 

Most of the energy is absorbed by 

the Earth’s surface, increasing its 
temperature. 

Some of the energy emitted by the Earth 
is absorbed by greenhouse gases. 
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Answers 


When energy is re-emitted it can be 
transferred back to the Earth. 


Greenhouse gases re-emit the energy that 
they absorb. 


global warming — a gradual increase in the 
temperature of the Earth’s atmosphere 


climate change — alterations to global weather 
patterns 


greenhouse effect — atmospheric gases 
trapping energy 


a 


A relationship between two variables, 
whereby if one changes, so does the 
other. 


Methane, water vapour. There are others 
(e.g. nitrous oxide) that should be marked 
on their merits. 


Either the laboratory demonstration that 
carbon dioxide absorbs energy or infrared 
satellite data. 


Thermometers today are more accurate/ 
have a better resolution/record 
temperature continuously and so are less 
affected by sudden anomalous changes. 


$C21c.5 Evidence of a changing 
atmosphere — Homework 2 


1 
2 


air 


a 


Answers should include: there are 
troughs and peaks; where the peaks 
have occurred, where the troughs have 
occurred, that troughs/peaks seem to 
have a regular 100 000 year cycle. 


A positive correlation only shows that one 

variable changes at the same time and in 

the same manner as another. There are 

three different interpretations of this graph: 

e that increasing carbon dioxide levels 
cause increasing temperature 

e that increasing temperature causes 
increasing carbon dioxide levels 

e that some other variable causes an 
increase in both carbon dioxide and 
temperature at the same time. 


You cannot tell from the graph alone which 
of these is correct. 


3. There was not thought to be any ice present 
when the Earth was very young. 


4 


a 


The carbon dioxide level is thought to be 
at its highest level for over 400 000 years 
now. 


human activity in burning fossil fuels/ 
human activity causing deforestation 


Edexcel GCSE (9-1) 


Sciences 


Answers 


5 Two from: there is more data; more modern 
measuring systems have a greater resolution/ 
are more accurate; we can now use data from 
many monitoring stations placed around the 
world (not just Hawaii); we can now use many 
different ways of measuring carbon dioxide 
(ground-based monitoring stations, ocean- 
based systems, satellites). 


6 a A,B,D,C 


b At higher temperatures more of the 
H,'8O will evaporate and so there will 
be less H,'8O in the water. So, at higher 
temperatures the shells will contain less 
18O. The lowest ratio is C, which means 
that this sample has the lowest amount of 
18Q compared with '6O. This is therefore 
limestone formed from shells made in the 
warmest water. 


SC21d Climate change 
Student Book 


Me F : : F ; 
4°% 1 burning fossil fuels; intensive farming 


such as livestock rearing and rice 
cultivation; waste disposal in landfill sites 


og 2 Livestock farming involves the rearing 
of animals that respire. A by-product of 
respiration is carbon dioxide. Livestock 
also produce methane. 

M% 


s“@ 3 Increased population leads to an 
increased demand for food and energy. 
Both of these lead to the release of 
greenhouse gases. 


oe 4 Four from: melting glaciers; loss of ice at 
the north and south poles; rising sea levels 
and flooding; habitat pressures; more 
extreme weather events; coral bleaching. 

M : 

is 5 Increasing use of renewable energy 


should mean decreasing use of energy 
sources that release carbon dioxide. 

The increasing amounts of carbon dioxide 
are thought to be contributing to climate 
change, so reducing the increase of this 
gas in the atmosphere should reduce the 
impact of climate change. 


™% er es 
7™3 6 Greenhouse emissions are not limited 


\a 
by national boundaries. Global warming 
affects the entire planet. Solutions can 
be expensive. 
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Limestone A B Cc D 

189 : 16O ratio 192 : 800 167 : 937 220 : 1426 89 : 533 

180/16O 0.24 0.18 0.15 0.17 
x 


s*@ 7 a Examples include: using more 
renewable energy resources; 
helping local people build flood 
defences; putting giant mirrors 
in space; collecting and burying 
carbon dioxide; farming crops/ 
livestock that produce less methane. 


one b Students’ own responses containing 
one risk — either a risk of harm 
caused by the method proposed or 
the risk of it not working. 


$1 An example answer 
Effect: increased sea level rises; global 


S2 Develop flood defence systems. 


$3 Risk: flood water may be displaced to other 
areas and the sea water levels over time may 
continue to rise. Benefit: population centres in 
low lying coastal areas could be protected from 
excessive flooding. 


E1 Three policy areas with a justification that 
can be a personal response, for example: 
encourage the use of renewable energy 
resources; building flood defences to protect 
towns and cities; investing in research into 
engineering solutions to bury carbon dioxide. 


Exam-style question 
Problems should include points from the following: 


e One from: flooding; pressures on species; 
pressures on cultivation of crops; extreme 
weather events; damage to coral (1). 


Related explanation of way to limit impact should 
include points from the following: 


e One from: flood defence measures; 
habitat development and monitoring; 
possible use of different crops; preparation 
and investment infrastructure for extreme 
weather events; reduction in the emission 
of greenhouse gases by international 
agreement (1). 
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Sciences 


Answers 


Activity and Assessment Pack 


$C21d.1 Analysing climate change 


1 


fossil fuel production, distribution and use; 
livestock farming; landfills and waste 


36% (27% + 9%) 


Cattle have bacteria in their stomachs to 
digest grass and some of the bacteria produce 
methane. 


The methane from landfill may be collected 
and burnt to produce electricity. 


cattle, the cow 


Eat more chicken and less of the other meats, 
because farming chickens produces much less 
CO, than farming other meats in the table. 


7 Cutting down the trees means less carbon 
dioxide is removed from the atmosphere. 
This results in greater levels of carbon dioxide 
in the atmosphere. Burning the wood also 
releases carbon dioxide. 

Farming cattle increases the amount of 
methane added to the atmosphere. 

Both methane and carbon dioxide are 
greenhouse gases, and increasing their 
concentrations will increase the energy that 
the atmosphere traps, which will increase 
global temperatures. 


Student’s own poster 


Student’s own research 


$C21d.2 Climate change — causes 
and mitigation 
1 Human activities that help to cause climate 
change: E, H, |, J, M, N 
Effects of climate change: C, D, G, K, O, Q 
Ways of reducing (mitigating) the effects of 
climate change: A, B, F,L, P, R 
E,H, I, J 


Answers should include at least one point in 
favour and at least one point against, and then 
an overall statement of whether the idea is 
good or not, with a justification related to the 
points for and against. 


$C21d.3 Climate change 
Strengthen 


1. Release methane: livestock farming, oil and 
gas exploration, waste disposal in landfill, 
growing rice in paddy fields 


Release carbon dioxide: burning of fossil 
fuels, transport (could also include oil and gas 
exploration) 
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2 


increasing, global, climate, glaciers, sea, 
flooding, extinct, dissolves, acidic, coral 


sea level rises | building flood | may not work 
affect low-lying | defences for ever 
countries 

some areas building dams | may damage 
of the world to manage other habitats 
getting less water supply 

rainfall 

all the seas carbon will need 
become too capture international 
acidic for some cooperation 
organisms and money 


Flood defences in one area may push water 
flow into other areas and damage them. 


Many renewable energy supplies (tidal, solar, 
wind, wave) cannot generate electricity all the 
time and some are unreliable/unpredictable. 


$C21d.4 Mitigation and risk 
Homework 1 


1 


greenhouse, atmosphere, methane, energy, 
infrared, space, rise, fossil, cattle, landfill 


increase in droughts in some areas, increase 
in floods, increase in violent storms 


a___Less infrared radiation will reach the Earth, 
and so there will be less energy reaching 
the Earth to warm it up. 


b Two from: enormous cost; risk of damage 
once in space (e.g. from space debris/ 
meteor/comets/cosmic rays); being able 
to model the impact on the Earth (e.g. on 
organisms, on local weather patterns, on 
crop growth); complexities of international 
agreement. 


Benefits: water storage for crop irrigation; can 
generate electricity; can trap heavy rainfall; 
provide recreation areas for people. 


Risks: habitat destruction; can burst if not built 
strongly; stops fish migrating up rivers. 


$C21d.5 Planetary heating 
Homework 2 


1 


Mars would be expected to have the lowest 
temperature because it is furthest from the Sun 
(of these three planets) and so receives the 
least energy/radiation. 


a 15 °C (Note: at the time of writing the 
value quoted by NASA was 14.6 °C.) 


b Gases in the atmosphere trap infrared 
waves emitted from the Earth and the 
energy that it is transferred. The gases 
re-emit infrared waves, some of which 
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Sciences 


Answers 


then transfer the energy back to Earth and 
warm it up. This is the greenhouse effect. 


c carbon dioxide by burning fossil fuels; 


methane due to livestock farming/oil and 
gas exploration/rice paddy farming/waste 


rotting in landfill sites 


d Students should include at least one 
point for and one point against the idea, 


together with reasoned opinion of whether 


they are in favour of or against the idea. 


e Points in favour include: reduction 
in carbon dioxide emissions (and 


carbon dioxide is a greenhouse gas); 


may also reduce other pollutants 
from burning of fossil fuel entering 
the atmosphere and so be better 
for the environment; would allow 
us to continue using fossil fuels for 


longer without those power stations 


contributing to global warming. 


e Points against include: expense and 
making electricity bills higher; the risk 
of movements underground releasing 
the gases again; we don’t know the 


effects of storing large amounts of 
compressed gas underground; will 


not solve the problem of diminishing 
supplies of fossil fuels; a sudden leak 
of carbon dioxide in an area may kill 


people and organisms. 
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Venus has a lot more carbon dioxide in its 
atmosphere than the Earth; so the warming 
affect will be much greater than on the 
Earth. It has a greater density of gases in its 
atmosphere, which will trap energy. 


A better answer will point out that the total 
amount of gas in Venus’ atmosphere is greater 
than that on Earth, so the amount of carbon 
dioxide in its atmosphere is even greater than 
would be indicated by the pie chart alone (the 
pie chart shows proportions). 


a_ It has a high percentage of carbon dioxide, 
which is a greenhouse gas. 


b The actual amount of carbon dioxide is 
quite low compared to Venus, because of 
the low density of Mars’ atmosphere. 


a 1x 10% 


b very little greenhouse effect/no 
greenhouse effect 


the Moon’s exosphere does not contain 
any greenhouse gases 


Note: the density of the Moon’s exosphere 
is so low that it would be considered to be 
a good vacuum here on Earth. The Lunar 
Atmospheric Composition Experiment 
(LACE) was placed on the Moon’s surface 
by the Apollo 17 mission. It detected 
helium and argon, and possibly neon, 
ammonia, methane and carbon dioxide. 


Edexcel GCSE (9-1) 


S 


ciences 


SC22a Alkanes and alkenes 
Student Book 


$1 


$2 


E1 


1. They contain only carbon and hydrogen 
atoms. 


2 (2% 6)+2= 14 hydrogen atoms 


3. carbon chain length/number of carbon 


atoms/number of —CH,— groups 
4 seven 
5 a four 

b one 


6 The C=C, carbon-carbon double bond, 
is the common feature of alkenes that is 
not found in alkanes. 


7 ~~ Two pairs of electrons; each covalent 
bond is comprised of a shared pair of 
electrons. 


9  but-1-ene 


10 Counting the C=C from the nearest end 
of the molecule would give but-1-ene 
instead. 


Saturated molecules should be alkanes. A 
simple example would be ethane. Ethane 
has a molecular formula of C,H,. The ethane 
structural formula is displayed in table B. 


Unsaturated molecules could be alkenes. 

A simple example would be ethene. Ethene 
has a molecular formula of C,H,. The ethene 
structural formula is displayed in table C. 


Considering ethane and ethene (other suitable 
answers possible): alkanes (C,H2,.2) contain a 
higher proportion of hydrogen to carbon than 
alkenes (C,,H,,) for the same number of carbon 
atoms contained in the molecule; alkenes 
contain at least one C=C bond, alkanes contain 
only C—C bonds between carbon atoms. 


Isomers of alkenes with the formula C5H,) 
include: 


pent-1-ene, pent-2-ene, 2-methylbut-1-ene, 
2-methylbut-2-ene, 3-methylbut-1-ene. 
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Answers 


E2 The position of the C=C bond is different in 


different molecules; some molecules have side 
chains, others do not; the position of the -CH, 
group in branched molecules is different; in 
straight-chain molecules carbon atoms are 
only attached to one or two carbon atoms, but 
in branched molecules individual carbon atoms 
are sometimes bonded to three carbon atoms. 


Exam-style question 


Explanation should include: saturated molecules 
contain only C—C bonds (1); unsaturated molecules 
contain at least one C=C bond (1). 


Activity and Assessment Pack 


$C22a.1 Modelling alkanes 
and alkenes 


1 
2 
3 


correctly completed table 
C=C double (covalent) bond 


a __ Two cocktail sticks or two plastic joiners 
or only shown by decreased number of 
hydrogen atoms attached to carbon atoms 
in the double bond. Answer will depend on 
modelling apparatus used. 


b two lines (between carbon atoms) (like 
an = sign) 
c_ two pairs of shared electrons 


a Advantages: simple to write out, can be 
written out using a computer/keyboard. 


Disadvantages: doesn’t show where 
the double bond is, more difficult to tell 
whether it’s an alkane or an alkene. 


b Advantages: simple to show where the 
double bond is. 


Disadvantages: More difficult to show 
using a computer/keyboard. 


c Advantages: shows information about 
what a covalent bond is, shows the 
structure of single and double bonds. 


Disadvantages: much more difficult 
to draw. 


d Advantages: can show different sizes 
of the atoms, can show the shape of a 
molecule, is better to be able to visualise 
the molecule. 


Disadvantages: difficult to represent on 
paper (particularly if the model is large), 
needs apparatus. 


$C22a.2 Hydrocarbon matching 


2 


Correctly grouped cards, put in ascending 
order of carbon chain length. 
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$C22a.3 Alkanes and alkenes 
Strengthen 
1. a_ Ring drawn around C=C double bond. 


b Xisamolecule made of hydrogen and 
carbon only. Y contains oxygen but no 
carbon and so is not a hydrocarbon. 


c Z 


d The molecule only contains C—C single 
bonds, it does not contain C=C double 
bonds. 


e Z 


2 Contains covalent bonds: alkane and alkene 
ticked. 


General molecular formula C,H, — alkene ticked. 


General molecular formula C,,H>,.. — alkane 
ticked. 


Hydrocarbon — alkane and alkene ticked. 
Saturated — alkane ticked. 


Contains a bond in which 2 carbon atoms 
share 2 pairs of electrons — alkene ticked. 


Unsaturated — alkene ticked. 


3. Correct but-2-ene structure as shown on 
Student Book SC22a Alkanes and alkenes 
diagram D. 


$C22a.4 More about alkanes and 
alkenes — Homework 1 
1 a_ butene’ ethane ethene 
propene methane _ ethane 
b methene 
2 a_ Correct but-1-ene structure as shown on 


Student Book SC22a Alkanes and alkenes 
diagram D. 


b They are both unsaturated because they 
both contain a C=C double bond. 


c (carbon-carbon) double (covalent) bond 
d_  (carbon—hydrogen) single (covalent) bond 
e (carbon-carbon) double (covalent) bond 
f isomer 

10 

24 

2 

alkanes 


$C22a.5 Comparing and contrasting 
hydrocarbons — Homework 2 


1 Student 1-2 marks 


Good points — correct alkane formula, one 
similarity and one difference listed. 
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Poor points — no diagrams, only one formula. 
Student 2 — 6 marks 


Good points — 2 correct diagrams and 
formulae, similarities and differences given. 


Student 3 — 1 mark 


Good points — correct formula for methane, 
one correct similarity given. 


Poor points — question doesn’t ask to compare 
propene, methane does not have more 
hydrogen in it than propene, alkane and alkene 
are the wrong way round. 


SC22b Reactions of alkanes 
and alkenes 


Student Book 


6°@ 1 = carbon dioxide/CO, and water/H,O 
7™@@ = 2 = C=C/carbon—carbon double bond 


OO : é 
7™@ 3 > Oxidation occurs because carbon 


- combines with oxygen and hydrogen 
combines with oxygen in a chemical 
reaction. 

M% 


6g 4 The products of complete combustion 


\a 
. are the same for alkanes and alkenes. 
% ; 
ong 5 a_ Bromine water has an orangey/brown 
. colour. When shaken with alkanes 
the bromine water remains orangey/ 
brown; but in the presence of alkenes 
the bromine water decolourises and 
becomes colourless. 
M% : : 
7s b_ Alkanes are less chemically reactive 
4B 


than alkenes. Alkenes are more 
reactive because they contain a 
reactive C=C bond that reacts with 
bromine water. 


7™@ 6 Collect sufficient amounts of the gas; 
shake the gas in bromine water; if a 
colourless solution results an alkene is 
present; if there is no colour change, this 
would suggest the gas is an alkane. 


6*g 7 Bromine gas would react with the 
ethene. Ethene gas is colourless and 
bromine gas is orangey/brown. The 
product of reaction is a colourless liquid, 
so if ethene were in excess the orange 
colour should fade to colourless and a 
colourless liquid would be produced. 


7 8 a Thereactants combine to form one 
y Td 
product. 
re 
7s b correct structure of 
sa 1,2-dibromopropane showing all 
bonds 
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$1 An addition reaction is a reaction in which 
reactants combine to form one larger product 
molecule and no other products. Ethene reacts 
with bromine to form 1,2-dibromoethane as the 
only product. 


$2 Ethane does not contain any C=C double 
bonds/it is saturated so it is unreactive/does 
not react with bromine. 


Extend 


rot tod on te 4 
eee —_ ey | ft 1 
H Br Br H 


but-2-ene bromine 2,3-dibromobutane 


Exam-style question 


Hexene will decolourise bromine water from 
orangey brown to colourless (1); hexane will not 
decolourise bromine water, so the colour of the 
bromine remains (1). 


Activity and Assessment Pack 


$C22b.1 Distinguishing alkanes 
and alkenes 


4 test a larger number of alkanes and alkenes 


SC22b.2 Chemical reactions with 
alkanes and alkenes 


1. carbon monoxide, carbon 
2 a_ carbon dioxide + water 


b carbon dioxide + water 


c methane + oxygen > carbon dioxide 
+ water 


3 a CH, +30, > 2CO, + 2H,O0 
b C3H, + 20, > 2C + CO + 3H,0 
c 3b shows incomplete combustion 


4 Bromine water ... turns pale in the presence of 
an alkene. 


Cyclohexane ... is a saturated hydrocarbon. 


Cyclohexene ... is a molecule containing a 
carbon-carbon double bond. 


Addition reaction ... is when reactants form 
one larger product molecule. 


Y is an alkene. X and Z are alkanes. 


6 a_ ethene + bromine — 1,2-dibromoethane 


b correct ethane structure (see diagram 
D on SC22b Reactions of alkanes and 
alkenes in the Student Book) 
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c_ the bromine atoms are bonded to the first 
two carbon atoms in the chain 


d_ nothing 


SC22b.3 Reactions of alkanes and 
alkenes — Strengthen 


1. a_ 1,2-dibromoethane 
b ethene 
c bromine 
d__ alkenes circled (top row first and third) 
2 Alkene: general molecular formula C,,H,,; 
decolourises bromine water; complete 


combustion forms water and carbon 
dioxide only. 


Alkane: general molecular formula C,,H>,.9; 
complete combustion forms water and carbon 
dioxide only. 


3 a C3H, +20, > 2C+CO+3H,0 


b when there is not enough oxygen for 
complete combustion 


SC22b.4 Differences between 
alkanes and alkenes — Homework 1 


1 saturated molecule: butane 


used to test for one product of the complete 
combustion of hydrocarbons: limewater 


turns orange bromine water colourless: hexene 


used to test for unsaturated molecules: 
bromine water 
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2 =a 
b 
c 

3 a 
b 
c 
d 
e 
f 

4 
b 


CH, + 20, > 2H,O + CO, 


C3H, + 450, +> 3CO, + 3H,O0 

oxidation 

correct 1,2-dibromoethane structure (see 
diagram D on SC22b Reactions of alkanes 
and alkenes in the Student Book), i.e. add 
Br to both blank bonds 
1,2-dibromoethane 

addition 

ethene 

The bromine turns from orange to 
colourless. 

The carbon=carbon double bond reacts 
with the bromine. 

propene 

The bromine reacts with the C=C double 
bond, and is therefore used up and so it is 


taken out of the solution. It is the bromine 
in bromine water that gives it its colour. 
correct (displayed) structures of but-1-ene 
and 1,2-dibromobutane drawn as part of 
an equation 


SC22b.5 Alkanes, alkenes and their 
reactions — Homework 2 


1 a 
b 


c 


methane 
carbon/soot, carbon monoxide 


i CH,4(g) + 30,(g) > 2CO,(g) + 2H20(g) 
ii 2C,H¢(g) + 70,(g) > 4CO,(g) + 6H,0(g) 


orange/yellow 


The bromine reacts with the C=C double 
bond, and is therefore used up and so it is 
taken out of the solution. It is the bromine 
in bromine water that gives it its colour. 
Equation with correct (displayed) structural 
formulae. (CH3-CH=CH-CH; + Br, 

> CH,-CHBr-CHBr-CH,) 
2,3-dibromobutane 

a reaction in which two (or more) small 
reactant molecules join together to form a 
single bigger product molecule 
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3 ethene 


Answers 


4 a_ The bromine water will no longer be 
decolourised as it enters the conical flask. 


b Some students may have calculated 
means (as shown in the table below) 
but this is not necessary to answer the 
question. Less bromine water is required 
to reach the end point for butter, which 
means that there are fewer double bonds 
for the bromine to react with in the fats in 
the butter. The butter is more saturated 
than the vegetable spread. 


Butter 


1st 


2nd 


titration | titration 


Vegetable spread 


1st 


2nd 


titration | titration 


Reading 
on 
burette 
at start 
(cm?) 


33.2 


24.5 


3.0 


5.1 


Reading 


44.1 


31.6 


45.4 


47.2 


10.9 


7.1 


42.5 


42.1 


14.5 


42.3 


5 40 because the iodine number is a measure 
of saturation and beef fat is from animals, as 
is butter. So it will have a similar saturation to 


butter. 
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S$C23a Ethanol production 
Student Book 


% : : 
6"@ 1 The chemical name for alcohol is 


” ethanol and its formula is C,H;OH. 


4°@ 2 a Spirits have a higher concentration 
of alcohol/ethanol. 


e b = Spirits are whisky or vodka and 
non-spirits are beer and wine (other 
answers are possible). 

sg 3. a Carbohydrates are compounds 


produced by plants; they contain 
carbon, hydrogen and oxygen 


atoms only. 
oe b sugars 
og 4 conditions that exclude the presence of 
. oxygen 

ma 5 To make wine, sugars from the grapes 

= are converted into ethanol by enzymes. 
All enzymes work best at particular 
temperatures, so the temperature must 
be controlled when making wine. 

an 6 When the alcohol content reaches a 

Ca? 


certain level it kills the yeast. 


ee 7 When a mixture of ethanol and water is 
heated it starts to evaporate and rise up 
the fractionating column where it cools 
and condenses. Ethanol has a lower 
boiling point than water, so remains as a 
gas for slightly longer and rises slightly 
further up the fractionating column. 
Therefore the mixture of gases that 
reaches the top of the column contains 
a greater proportion of ethanol/is more 
concentrated than the dilute solution at 
the bottom of the column. 


$1 harvest plant source and crush 
a 
add water, yeast and heat 

a 

leave to ferment 
~- 

filter out solids 
~- 


distil liquid to concentrate alcohol solution 
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Answers 


E1 C,H,.0, & ¥&#8)), 20,H,OH + 2CO, 


To keep this reaction going in a continuous 
fermentation would require the removal of 
ethanol (because it kills yeast); the continual 
adding of glucose (so that yeast does not 
run out of a source of food for anaerobic 
respiration); keeping out oxygen (so that 
anaerobic respiration does not stop); 
maintaining constant warm temperature (to 
help enzymes work at their best); maintaining 
constant pH (to help enzymes work at their 
best). 


Exam-style question 


Both produce carbon dioxide (and energy) (1); 
combustion uses up oxygen and produces water, 
while fermentation cannot occur if oxygen is 
present and does not produce water (1). 


Activity and Assessment Pack 


$C23a.1 Investigating the 
preparation of ethanol by 
fermentation 


1 Student’s investigation results 


2 Correctly plotted and drawn scatter graph and 
line of best fit for student’s results. The graph 
should have the concentration of glucose 
on the horizontal axis and volume of gas 
produced on the vertical axis. 


3 The volume of gas produced (speed of 
fermentation). 


4 As the concentration of the glucose solution 
increased, the volume of gas produced 
increased (or statement fitting the results 
obtained). 


5 The enzyme helped the glucose break up to 
form two products, ethanol and carbon dioxide. 


6 Collecting the gas for a longer period or 
controlling the temperature better would 
improve the reliability of the results. 


CsH,,0, > 2C,H5OH + 2CO, 


The yeast supplies enzymes (biological 
catalysts) that speed up the reaction but are 
not one of the reactants. 
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S$C23a.2 Fractional distillation 
1 


Apparatus diagrams and labels put together in 
correct order to show how fractional distillation 
is carried out. 

a___liquids/mixture 

low/small 

liquids 

higher/greater/increased 

evaporation 

temperature 


~oO ala 0 fF 


$C23a.3 Ethanol production 
Strengthen 


1 


3 


a iecE 


iv D 
vA 
b fermentation (or anaerobic respiration 
in yeast) 
c yeast 
fractional distillation 


e The temperature and pH must be 
controlled so the enzymes work properly. 


a ethanol 
b B 
carbohydrates 


SC23a.4 Fermentation and 
distillation — Homework 1 


1 


a___ fermentation (or anaerobic respiration 

in yeast) 

ethanol 

C,H,O or C,H;OH 

d_any two alcoholic drinks, e.g. beer; wine; 
whisky; vodka 


a 


The missing words are: yeast, glucose/ 
sucrose/sugar, alcohol/ethanol, carbon. 


glucose ~> alcohol/ethanol + carbon dioxide 
CgH1205 > 2C,H,O + 2CO, 
The order of letters is: D, A, E, B, C 
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Answers 


SC23a.5 Fermentation and 
distillation — Homework 2 


1 


a ethanol 

b C,H,,0, > 2C,H,OH + 2CO, 

c yeast (or zymase) 

d_ The temperature must be kept constant so 


the enzymes work properly (as enzymes 
work best at particular temperatures). 


e to increase the proportion (or percentage) 
of alcohol in the mixture 


a Graph of boiling point of mixture on the 
vertical axis and % of alcohol in liquid 
mixture on the horizontal axis correctly 
plotted. The line of best fit falls quickly 
at first and then more slowly at higher 
percentages of alcohol. Labelled ‘line 1’. 


b In general as the percentage of alcohol 
increases the boiling point decreases. 


c 100% alcohol in liquid mixture 


a The amount of alcohol in the vapour is 
greater than the amount of alcohol in 
the mixture. 


b There is more alcohol in the vapour than 
in the mixture as the boiling point of the 
alcohol is lower than the boiling point of 
the water. 


Correctly drawn line labelled ‘line 2’, graph of 
the boiling point of the mixture on the vertical 
axis and % of alcohol in the vapour on the 
horizontal axis. The best fit line should slope 
gradually downwards. 


a 89.040.5°C 
b 66.04 1.0% 


(Answers estimated by using the graphs. First 
drawing a line up from 12% alcohol to the 
boiling point on line 1 and then drawing a line 
from that boiling point across to line 2 to find 
the % alcohol in the vapour.) 


At low concentrations of alcohol there is a big 
difference between the concentration of alcohol 
in the liquid and vapour. As the concentration 
of alcohol in the liquid increases the difference 
becomes less until there is no difference so 

it is impossible to increase the percentage to 
produce 100% alcohol by fractional distillation. 


The first distillate will contain high 
concentrations of methanol, as methanol has 
a lower boiling point than water or ethanol. 
Thus the first distillate would be dangerous 
(potentially poisonous) and so has to be 
discarded. 
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1 / 
SC23b Alcohols 3 6 Any three from: forms solutions with a 
Student Book pH = 7; burns to form carbon dioxide 
2 and water; can be partially oxidised 
7" 1. Aseries of compounds that fit a general to form carboxylic acids; reacts with 
oa formula; have similar chemical reactions; sodium, forming an alkaline solution 
display a trend in properties (and differ and hydrogen gas. 
by a number of —CH,— units). % 
2 is 7 a butanol + oxygen 
7a 2 Ethane and ethanol both contain two > carbon dioxide + water 
ad carbon atoms (and six hydrogen atoms). My 
Ethanol is different from ethane as it aie b C4H,OH + 602 > 4CO, + SH20 
contains an oxygen (in an —-OH group). &% 
: 7s 8 As the alcohol molecules get larger the 
7" 3. They differ by one -CH,— unit (one sai reactivity decreases. 
a carbon and two hydrogens). m% a 
», sg 9 solvents; fuels; alcoholic drinks (ethanol) 
aoe 4 14 hydrogens/C,gH>.6.,0OH a 
a os 10 a_ If butanol is produced by 
7 5 a CsH420 or C5H,,0H . fermentation the raw material 
ea is plant (cellulose). This is a 
ee b Five —C- atoms joined in a chain renewable resource as the plants 
a with three —-H atoms bonded to one can be regrown in a relatively short 
of the end carbons and two —H time. 
atoms attached to all other carbons; nN 
the other end carbon atom also has ong b Butanol has a high energy content 
an —OH group attached; the -OH . (per unit volume) or butanol has a 
group is circled. similar energy content to petrol. 
$1 
Name Formula Structural formula Functional group 
H 
CH30H ] 
methanol H-C—O-H —OH 
(CH,O) ] 
H 
H H 
C,H;OH | | 
ethanol CHO HCG Osh —OH 
( 2!'"6 ) HH 
H HH 
C3H7OH Lot | 
propanol C.H.O H-C-C-C—O-H —OH 
(C3H,0) ae 
H H 
C,HgOQH Lot od 
butanol C.H.0 Ia Ge GOSH —OH 
( 4° M0 ) HHHH 


E1 The alcohols are a homologous series as their 
molecules: have similar structures; fit a general 
formula (C,,H2,,.,OH); all contain the same 
functional group (an —OH group); they have 
similar chemical reactions; e.g. they react with 
sodium to form an alkali and hydrogen; they 
burn to produce carbon dioxide and water. 
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Exam-style question 


a propanol (1) 


b_ The functional group is an oxygen atom and 
a hydrogen atom (1); joined by a (covalent) 
bond (1). 


Edexcel GCSE (9-1) 


Sciences 


SC23b Core practical — The 
combustion of alcohols 


1. a_ Anysix of: eye protection, conical flask, 
thermometer, stand and clamp, electronic 
balance, measuring cylinder, alcohol 


burner, source of ignition (3) C7 a mark for 
each correct suggestion up to a maximum 
of 3). 


b The dependent variable is the temperature 
rise (1); the independent variable is the 
type of alcohol (1). 


c Water from the previous experiment will 
be warm at the start when repeating the 
experiment with other alcohols (1); this 
may affect the final temperature rise (1). 


d_ Weight of alcohol burner and cap at the start 
(1); weight of alcohol burner and cap at the 
end (1); the initial temperature of the water 
(1); the final temperature of the water (1). 


2 a_ The flask containing water will need to be 
placed at the same height above the flame 
each time (1). 


b To prevent heat loss (1); so the energy 
released goes into heating up the water (1). 


c  Donot pour alcohols near naked flames/ 
take care not to spill the contents of the 
burners (1). 


3. a Measuring volume of water (1); measuring 
mass of burner (before and/or after 
experiment) (1); measuring temperature 
(1); loss of heat/energy to surroundings (1). 


b heat loss to the surroundings (1) 


4 a_ mass of alcohol burned: ethanol 1.10 g (1) 
and propanol 1.00 g (1) 


temperature rise: ethanol 39 °C (1) and 
propanol 42 °C (1) 

b for ethanol 4 = 0.0282 g to produce a 
1 Celsius degree rise in temperature (1) 


for propanol + = 0.0238 g to produce a 


1 Celsius degree rise in temperature (1) 


therefore propanol produces the most 
energy by mass burned (1) (other methods 
of calculation are possible) 


5 0.03 g (1) 


Activity and Assessment Pack 
$C23b.2 Alcohols — Strengthen 


1. The missing names are: methanol, propanol 
and butanol. 
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Answers 


2 The missing information in the table is: 
propanol; C,H;0H; C,H,OH; structure of 
methanol showing one C atom, three H atoms 
and one OH, i.e. same as ethanol with one 
—CH,-— unit removed; structure of propanol 
showing three C atoms, seven H atoms and 
one OH, i.e. same as ethanol with one —CH,— 
unit added; -OH; —OH. 


very slow 


4 Missing words: homologous, chemical, trend/ 
pattern 


SC23b.3 Homologous series — Extend 


1. The missing information in the table is: 
ethanol; propanol; C,;H;0H; C3H7OH; C,H,OH; 
structure of methanol showing one C atom, 
three H atoms and one OH same as ethanol 
with one —CH,— unit removed; structure of 
propanol showing three C atoms, seven H 
atoms and one OH same as ethanol with one 
—CH,- unit added; -OH; -OH;-OH 


2 a_ hydrogen 


b_ The order of decreasing reactivity is: 
methanol then ethanol then propanol then 
butanol. 


c One of: all four burn forming carbon 
dioxide and water on complete 
combustion, all can be partially oxidised 
to form compounds called carboxylic 
acids, if soluble they form neutral (pH = 7) 
solutions 


3 a  C,Hon14OH or C,Hon420 
b  C,H,30H or CgH,,0 

4 a _ the functional group is the -OH group 
b Recognising the functional group is 


important as it is responsible for the 
main chemical properties/reactions of a 
molecule. 


5 2C,H;OH + 2Na > 2NaC,H;0 + H, 
2C3H7OH + 2Na > 2NaC3H7O + H, 


SC23b.4 Alcohol series — Homework 1 
1. Formula: C,H;OH 


sae 
H-C-C-O-H 
H H 


2 Missing from column 1: methanol, propanol, 
butanol 


Missing from column 3: CH,0H, C,H;OH, 
C,H,OH 
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Sciences 


3. a_ Student drawn scatter graph, showing a 
regular increase in boiling points. 


b As the number of carbon atoms in the 
molecules increases the boiling points 
increase. 


c 134+4°C 
homologous 
hydrogen 


carbon dioxide and water 


N Oo oo f 


oxygen and hydrogen 


SC23b.5 Alcohol series — Homework 2 


1 3D structures of methanol (one C, three H and 
one OH) and propanol (three C, seven H and 
one OH 


2 a_ ethanol + oxygen > carbon dioxide + water 
C,H5OH + 30, > 2CO, + 3H,O0 

b butanol + oxygen > carbon dioxide + water 
C,H gOH + 60, > 4CO, + 5H,O0 


3. a_ hydrogen 


b by comparing the rate of effervescence 
(how quickly bubbles of gas are produced) 


4 a_ Student drawn three scatter graphs on the 
same axes with ‘Number of carbon atoms’ 
on the horizontal axis and the ‘Boiling 
points’ on the vertical axis, all three 
rising steadily. 

b_ The boiling points of the alcohols, alkanes 
and alkenes increase steadily as the 
number of carbon atoms in the molecule 
increase. 


c The estimated boiling points, found by 
drawing and extending lines of best fit, 
are: 


hexanol, 160 + 10 °C 
hexane, 75+ 10°C 
hexane, 65 + 10 °C 


5 The incomplete combustion of fuels can 
produce carbon monoxide and carbon (soot). 
It is caused by a lack of oxygen and it is more 
likely to occur with fuels with larger molecules. 
The alcohols used in fuels have smaller 
molecules than most alkanes used in fuels, 
therefore alcohols tend to be ‘cleaner’ burning 
fuels than alkanes. (Other answers possible, 
e.g. considering the part played by the oxygen 
content of alcohols.) 
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Answers 


SC23c Carboxylic acids 
Student Book 


ethanoic acid 


Two hydrogen atoms are removed 
(from the carbon attached to the -OH 
group and form a water molecule with 
an oxygen atom); an oxygen atom adds 
onto that carbon (forming a double 
bond). 


The structural formula should contain: 
five carbon atoms in a chain; one of 

the end carbon atoms should have an 
—OH group and a =O (double bond O) 
attached; carbon atoms 2-4 should have 
two -H atoms attached and the other 
end carbon atom should have three —H 
atoms attached. 


The end carbon atoms with the -OH and 
=O groups attached should be circled as 
that is the functional group. 


methanoic acid/HCOOH 


a methanol + copper‘(ll) oxide 
— methanoic acid + water + copper 


b ethanol + copper(II) oxide 
— ethanoic acid + water + copper 


a methanoic acid + magnesium 
— magnesium methanoate + 
hydrogen 


ethanoic acid + magnesium 
— magnesium ethanoate + 
hydrogen 


propanoic acid + magnesium 
— magnesium propanoate + 
hydrogen 

b the butanoic acid would have no 
visible reaction with magnesium 


a methanoic acid + lead(II) oxide 
+ lead methanoate + water 


b  _butanoic acid + zinc carbonate 
— zinc butanoate + water + carbon 
dioxide 


a sodium ethanoate and water 
b neutralisation (as acid and alkali) or 


exothermic (as it transfers energy to 
the surroundings) 
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Sciences 


Answers 


Name Molecular formula Functional group Salt formed 


methanoic acid HCOOH methanoate 


ethanoic acid CH3;COOH ethanoate 


propanoic acid C,H;COOH propanoate 


butanoic acid C3H;COOH 


butanoate 


The carboxylic acids and alcohols are both 
homologous series which contain carbon, hydrogen 
and oxygen atoms. 


The alcohols fit a general formula (C,,H.,,,,;OH) and 
all contain an —OH group. 


The carboxylic acids fit a general formula (C,,H2,,02) 
and all contain a -COOH group. 


The alcohols react with reactive metals such as 
sodium to form an alkali and hydrogen and they 
burn to produce carbon dioxide and water. 


The carboxylic acids all react with metals to 
form a salt and hydrogen and they take part in 
neutralisation reactions with metal oxides and 
hydroxides. 


Exam-style question 
a propanol (1); propanoic acid (1) 
b oxidation (1) 
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Activity and Assessment Pack 


SC23c.1 Reactions of carboxylic 


acids 
1  Student’s results table, similar to the 
one below. 
Test Methanoic |Ethanoic |Propanoic 
acid acid acid 
pELof 3-4 3-4 3-4 
solution 
Reaction reacts reacts reacts 
with to form to form to form 
magnesium [bubbles of | bubbles of| bubbles of 
hydrogen hydrogen |hydrogen 
Reaction _ |reacts reacts reacts 
with to form to form to form 
sodium bubbles bubbles | bubbles 
of carbon of carbon |of carbon 
rbon 
carbonate dioxide dioxide dioxide 
Reaction reacts to reacts to |reacts to 
with form blue = |form blue |form blue 
copper solution solution solution 
oxide of copper  |jof copper |of copper 
methanoate | ethanoate | propanoate 
2 a 3-4 
b hydrogen 


c carbon dioxide 


3. blue, salt 
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Sciences 


4 


a___ lithium; ethanoic acid 
b__ethanoate; dioxide 
c copper ethanoat; water 


SC23c.2 The properties of 
carboxylic acids 


1 


a methanoic acid 

b — ethanoic acid 

Cc propanoic acid 

d__butanoic acid 

homologous; alcohols; methanol; 3; 4; 

hydrogen; salt; water; dioxide 

a methanoic; carbon dioxide; water 

b — ethanoic acid; hydrogen 

Cc  propanoic acid; zinc 

a ethanol; added to structure a C atom with 
single bond to an OH group and a double 


bond to an O atom (i.e. carboxyl group); 
water 


b a functional group 


Weak acid molecules don’t break up into 

ions completely (or weak acids have a lower 
concentration of hydrogen ions than strong 
acids of the same concentration or weak acids 
have a higher pH and are less reactive than 
strong acids of the same concentration). 


$C23c.3 Carboxylic acids 
Strengthen 


1 


Missing from column 1: propanoic acid; 
butanoic acid 


Missing from column 2: C,;H;COOH (C3H,0O,); 
C3H7COOH (C,H,0,) 


Missing from column 3: First structure shows a 
C atom with a single bond to an H atom a single 
bond to an OH group and a double bond to an 
O atom (H—C(=O)OH). Second structure shows 
two C atoms joined by a single bond. First C 
has single bonds to three H atoms. Second C 
has a single bond to an OH group and a double 
bond to an O atom (H3C—C(=O)OH). 


Missing from column 4: ethanoate; propanoate 


a Attached group has a C atom with a single 
bond to an OH group and a double bond 
to an O atom. 


b hydrogen; copper oxide; calcium citrate; 
water 
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Answers 


$C23c.4 About carboxylic acids 
Homework 1 


1 


Column 1: ethanoic acid; propanoic acid 


Column 2: HCOOH or CH,0,; C2;H;COOH or 
C3H5O02 


Column 3: First structure shows a C atom with 
a single bond to an H atom a single bond to 
an OH group and a double bond to an O atom 
(H—C(=O)OH). Second structure shows two 

C atoms joined by a single bond. First C has 
single bonds to three H atoms. Second C has 
a single bond to an OH group and a double 
bond to an O atom (H3C—C(=O)OH). 


a butanol 
butanoic acid 
hydrogen 
oxygen 
-COOH 


Functional groups are responsible for the 
main chemical properties/reactions of a 
molecule. 


To 20 fF 


magnesium + butanoic acid joined to salt and 
hydrogen 


sodium carbonate + methanoic acid joined to 
salt, water and carbon dioxide 


magnesium oxide + propanoic acid joined to 
salt and water 


SC23c.5 About carboxylic acids 
Homework 2 


1 


methanoic acid (HCOOH or CH,0,), ethanoic 
acid (CH3COOH or C,H,O,), propanoic acid 
(C,H;COOH or C3H,O2) and butanoic acid 
(C3H7COOH or C,H,O,)) 


a  CgHgO, 
b because it contains the (carboxylic acid) 
—COOH group 


a A base is any substance that neutralises 
an acid, forming a salt and water; for 
example, copper oxide, sodium hydroxide, 
calcium carbonate. An alkali is a soluble 
base; for example, sodium hydroxide, 
sodium carbonate. 

b i butanoic acid + sodium oxide 

— sodium butanoate + water 

ii butanoic acid + potassium carbonate 
— potassium butanoate + carbon 
dioxide + water 

iii butanoic acid + lithium hydroxide 
= lithium butanoate + water 
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Sciences 


barium + ethanoic acid 
> barium ethanoate + hydrogen 


Using solutions of equal concentration of 
ethanoic acid and hydrochloric acid test 
their pH or reactivity with magnesium/ 
copper carbonate. The weak ethanoic acid 
will have a higher pH and slower reaction 
than the strong hydrochloric acid. 


Changing ethanol, formula C,H;0H 
or C,H,0O, into ethanoic acid, formula 
CH3COOH or C,H,Os, is an oxidation 
reaction as oxygen has been added. 


i The black copper oxide powder turns 
pink or brown coloured. 

ii ethanol + copper oxide > ethanoic acid 
+ copper + water 
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Answers 


Three C atoms joined by single bonds, 
the first C with single bonds to three H 
atoms, the next C with single bonds to two 
H atoms and the third with single bonds to 
two H atoms and a single bond to an OH 
group (CH;CH,CH,OH). 

Propan-1-ol has the —-OH group attached 
to the first (end) carbon atom and propan- 
2-ol has the —-OH group attached to the 
second (middle) carbon in the chain. OR 
To distinguish between the two different 
structures (isomers). 


During oxidation two H atoms are removed 
from the C attached to the —-OH group. 
Propan-2-ol only has one H atom attached 
to the C atom attached to the -OH group. 
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e 
Sciences Student Book Answers 
SC24a Addition polymerisation 4 e 7 4 
\ / \ / 
oe 1 along-chain molecule of high average C=C + C=C 
ad relative molecular mass made up of x \ / \ 
H H H H 
small repeating units 
oe 2 double covalent bonds 1 1 ‘i i 
% C—C— + —c— 
™s 3 One of the bonds in the double bond | | | | 
- breaks and the molecules join together HH HH 
to form a long chain. 
a i ot Lod 
Me, 7 er 
os 4 addition (polymerisation) Sie ee See 
im, | | | 
um} H H H 4H H HH H 
I’ il | | 
—C—cC—C—Cc— 
| | | | Exam-style question 
H H HH 
om H H H oH 
3 6 Ethene/the monomer has a double | | 


\ / 
(covalent) bond between the carbon n C=C —_ C—C 
atoms whereas poly(ethene)/the / \ | | 


polymer has single (covalent) bonds. 
n 


-7™@ 7  Asynthetic polymer, e.g. poly(ethene) is 


- manufactured in a laboratory or factory. left-hand side (1); right-hand side (1) 
A naturally occurring polymer, e.g. 
DNA, starch, protein already exists as a SC24b Pol rti 
polymer in animals, plants, etc. olymer properties 
oe 8 nucleotides and uses 
whe 
oe 9 protein ow 0, “Relmulene 
af “a 2 hyl 
the 
S1 monomer — a small molecule used to make a ow metyIPIoPen 
polymer cog 3 a_ correct structure of 
polymer — a long-chain molecule of high om tetrafluoroethene showing 
average relative molecular mass made up of all covalent bonds 
small repeating units ae b 
age . . ta 
addition polymerisation — a type of F F 
polymerisation in which the monomers add Ae a 
on to each other and no small molecules are l l 
eliminated F F 
$2 a_ nucleotides . 
b sugars 
ae me A 
c amino acids aS 4 CN 
E1 Explanation including diagrams to show two c—é 
ethene molecules; one of the bonds in the 
double bond breaks; the two molecules join H H 
together. 
L/ 
ana 5 a PTFE asitis slippery and dust will 
Ca? : : 
not stick to it. 
a b__Poly(propene) as it is flexible and 
Ca? 
does not shatter. 
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S1 a_ Itis flexible so it can bend with the wire; it 
is an insulator. 


b__Itis slippery so food does not stick to it. 


H OH 
\ 
c—=9 
/ 
H H 


Exam-style question 


(lige eile 
Tor ft 
H HH H 


correct repeating unit (1); two correct units with 
continuation bonds (1) 


<0) 
ane 4 
fae i H 
H—C—O—H + oe 
H 
a / 
og 5 a 


“ass H oO 
| 


O 
ll | 


n| H=—O-—C—C—C—0—H 


3 b ester link —C(=O)O-— highlighted 


tae” 


ant 6 Anoxygen and a hydrogen atom from a 


A] 
_ carboxylic acid join with an oxygen atom 
from an alcohol to form H,O. 


$1 Monomers join together and eliminate a small 
molecule such as water. 
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SC24c Condensation 
polymerisation [i] 


a. / 
one 
voy 


$2 


1. Any two from: strong, lightweight, shatter- 
resistant, allow other suitable properties 
such as waterproof, non-toxic, etc. 


2 Any two from: plastic garden furniture, 
carpets, fleece jackets, allow other 
suitable uses such as packaging, filling 
for duvets, etc. 


3 Monomers join together and eliminate a 
small molecule such as water. 


1 
oe + H,O 
H 
H H H 


i | 
c—C,H,—c—o—c—c—o + nH,O 
| | 


O H 
| 


H oH 
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Exam-style question 


alcohol and carboxylic acid (1) 


SC24d Problems with polymers 


m% 
\g 
17 
ae 
17 
ae 
1/7 
\g 
17 
a 


1 


2 


Can be broken down by microorganisms. 


a They last for a long time. 
b They do not rot when thrown away. 
landfill; incineration; recycling 


They all produce carbon dioxide, which 
is a greenhouse gas; some produce 
toxic gases. 


‘Reusing’ means using the same item 
again; whereas ‘recycling’ means the 
item has to be processed to produce a 
new product. 


An answer that may include: collecting 
the waste uses energy from the fuel 

in the trucks; disposing of waste that 
cannot be recycled uses fuel in the 
trucks that take it to the landfill site; 
cleaning and grinding use energy in 
pumps for water and machinery for 
grinding; melting needs energy to heat 
the chippings. 
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$2 


E1 


nH,O 


Answers may include: 


a__ starting material is crude oil; this is non- 
renewable; new resources may be needed 
to produce monomers 


b plastics are non-biodegradable so do not 
rot and they are difficult to dispose of 


An answer that may include: 


a___ disposal in landfill sites: advantage — easy 
to do; disadvantages — uses valuable land; 
loss of animal habitats; polymers do not 
rot 


b disposal by burning: advantage — 
produces energy/electricity; disadvantages 
— produces carbon dioxide; may produce 
toxic gases. 


An answer that may include: 


advantages — produces a new product; saves 
the problems of landfill and burning; conserves 
natural resources/crude oil 


disadvantages -— difficult to sort polymers; 
energy needed for processing into a new 
product; not all polymers can be recycled. 


The answer should include some evaluation of 
these advantages and disadvantages to form a 
conclusion. 


Exam-style question 


Any one from: recycle the polymers; incinerate the 


polymers; reuse the items made from polymers (1). 
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SC25a Flame tests and 
photometry 


M% 
5h 
. 


1/7 

i \d 

1 / 
ae 


$1 


$2 


E1 


1. Two from: To stop the wood burning; to 
make it easier to pick up the sample; 
distilled water does not contain ions that 
would interfere with the test. 


2 Both salts contain potassium ions; 
potassium ions give a lilac flame test. 


3. a orange-red 
b yellow 
cred 
d__ blue-green 


4 Answer includes some or all of the 
following: the light intensity increases 
as the concentration of sodium ions 
increases; the increase in light intensity 
becomes less at higher concentrations; 
light intensity is directly proportional 
to concentration between 0 and 
0.010 g dm. 


5 0.030 gdm 


6 = Similarities: all have coloured vertical 
lines; more than one vertical line; black 
background; from left to right, blue to 
red end of the spectrum; from left to 
right, increasing wavelength/decreasing 
frequency. Differences: different 
numbers of coloured vertical lines; each 
pattern is different. 


A solid is picked up with a wire loop/damp 
wooden splint; wire loop must be cleaned; 
using hydrochloric acid; wooden splint must be 
soaked in distilled water; the solid is held in the 
edge of a blue flame; different metal ions give 
different flame test colours. 


Data can be used to identify ions/substances 
in a sample; e.g. using emission spectra; to 
measure concentrations of ions/substances in 
a sample; using a calibration curve. 


Strengths and weaknesses of each method 
reviewed, with a conclusion, for example, 
about which one is best on balance. 


Strengths of flame tests: simple to carry out; do 
not need expensive equipment. Weaknesses 
of flame tests: large amounts of sample 
needed; cannot identify different metal ions in 
a mixture; cannot determine the concentration 
of metal ions in a sample. 


Strengths of flame photometer: more sensitive/ 
small amounts of sample needed; can identify 
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different metal ions in a mixture; because you 
can see the individual lines in each spectrum; 
can (accurately) determine the concentration 
of metal ions in a sample. Weaknesses of 
flame photometer: more complex to carry out; 
equipment expensive. 


Exam-style question 


Lithium ions give a red flame colour and calcium 
ions give an orange-red flame colour/the two metal 
ions give different colours/colours that are too 
similar to be distinguished (1), so one colour hides 
the other colour/the two colours mix together (1). 


SC25b Tests for positive ions 
a 1 iron(II) ions/Fe** ions 


% 
me 2 


a sodium hydroxide + iron(II) chloride 
av 


— sodium chloride + iron(II) 
hydroxide 


aoe b 2NaOH(aq) + FeCl.(aq) 
"a — 2NaCl(aq) + Fe(OH),(s) 


eo 3 J Ca?*(aq) + 2OH-(aq) — Ca(OH).(s) 


6*@ 4 Addasmall sample of each solution to 
a test tube; add a few drops of sodium 
hydroxide solution to each one; both 
produce a white precipitate; add more 
sodium hydroxide solution to each test 
tube; no change with calcium hydroxide 
precipitate; aluminium hydroxide 
precipitate dissolves; to produce a 
colourless solution. 


6g 5 Colour change is red to blue; which 
shows that ammonia forms an alkaline 
solution; when it dissolves in the damp 
litmus paper. 


"3 6] NH,*(aq) + OH-(aq) — NH3(g) + H.0()) 


$1 Answer should include: dilute sodium 
hydroxide solution forms precipitates with 
some metal ions; ammonium ions react with 
sodium hydroxide/hydroxide ions; when 
warmed; to form ammonia; which turns 
damp red litmus blue/forms white smoke with 
concentrated hydrochloric acid. Answer could 
also include: blue copper hydroxide; green 
iron(II) hydroxide; brown iron(III) hydroxide; 
white calcium hydroxide and aluminium 
hydroxide; aluminium hydroxide dissolves in 
excess sodium hydroxide solution. 


E1 Positive ions include hydrogen ions, 
ammonium ions and metal ions; sodium 
hydroxide solution reacts with hydrogen ions 
but cannot identify them; sodium hydroxide 
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solution reacts with ammonium ions but needs 
a confirmatory test for the ammonia produced; 
sodium hydroxide solution reacts with metal 
ions to produce hydroxide precipitates; but not 
all metal hydroxides are insoluble; e.g. sodium 
hydroxide, potassium hydroxide. 


Exam-style question 


(Dissolve the solid in water and) add dilute sodium 
hydroxide solution (1); a brown precipitate shows 
the presence of iron(III) ions (1); warm the mixture 
(1); damp red litmus paper turns blue/white smoke 
forms if concentrated hydrochloric acid is held 
nearby (showing the presence of ammonia from 
ammonium ions) (1). 


SC25c Tests for negative ions 


oo 1. Add dilute acid; observe bubbles; confirm 


ad that bubbles contain carbon dioxide; 
using limewater; which turns milky. 
wae 21] 2H"(aq) + CO; (aq) — CO-{g) + H20(!) 


oe 3 Sulfuric acid contains sulfate ions; which 


R 
” would react with barium chloride/barium 
ions; to form barium sulfate; giving a 
false positive test for sulfate ions. 
1 / 
ae 4 ff] Ba2*(aq) + SO,2-(aq) + BaSO,(s) 
oe 5 Silver fluoride is soluble/does not form 
¥ a precipitate. 
Me : Ses tie 
sa 6 calcium iodide 


e°$ 7G] Ag'(aq) + Br (aq) — AgBr(s) 

ta 

$1 Carbonate ions are identified by adding 
dilute acid; bubbles are seen; carbon dioxide 
confirmed; using limewater; which turns milky. 


Sulfate ions are identified by adding dilute 
hydrochloric acid; then barium chloride solution; 
white precipitate of barium chloride forms. 


Halide ions are identified by adding dilute 
nitric acid; then silver nitrate solution; white 
precipitate of silver chloride forms; cream 
precipitate of silver bromide forms; yellow 
precipitate of silver iodide forms. 


E1 Dilute acids react with carbonate ions; giving 
off bubbles of carbon dioxide; any dilute acid is 
suitable. Dilute hydrochloric acid is used in tests 
for sulfate ions; the chloride ions it contains 
will not produce a precipitate with barium 
ions; but sulfate ions in sulfuric acid would do. 
Dilute nitric acid is used in tests for halide ions; 
the nitrate ions it contains will not produce a 
precipitate with silver ions; but chloride ions in 
dilute hydrochloric acid would do. 
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Exam-style question 


The acid reacts with any carbonate ions that may 
be present (1); stopping a yellow precipitate of 
silver carbonate forming (1); which would give a 
false positive result for iodide ions (1). 


SC25c Core practical — 
Identifying ions 


1. 1 mark for each correctly matched cation and 
colour up to 5 marks: lithium — red; sodium 
— yellow; potassium - lilac; calcium — orange- 
red; copper — blue-green. 


2 a_ 1mark for each correctly matched cation 
and colour up to 3 marks: copper — blue; 
iron(II) — green; iron(IIl) — brown. 

b Add excess sodium hydroxide solution 
(1); only aluminium hydroxide dissolves to 
form a colourless solution (1). 


3. 1 mark for each correctly matched ion and 
colour up to 3 marks: chloride — white; bromide 
— cream; iodide — yellow. 


4 a_ Two ofthe following for 1 mark each: does 
not colour the flame; high melting point/ 
does not melt; does not react with air/ 
unreactive. 


b_ The flame is already coloured/the flame 
test colour is difficult to see/the flame is 
not hot enough (1). 


c Toremove traces of the previous 
substance (1); so that the flame colour is 
not affected (1). 


5 Bubble the gas through limewater (1); which 
turns milky/cloudy white (1). 


6 a_ Toreact with carbonate ions so they are 
removed/to react with substances that 
would also form a white precipitate with 
silver nitrate (1). 


b Hydrochloric acid contains chloride ions 
(1); which would form silver chloride/give a 
false positive test for chloride ions (1). 


7 a Dilute barium chloride is safer/less toxic/ 
harmful rather than toxic (1). 


b Precaution for 1 mark with explanation 
for 1 mark, e.g. wear gloves to avoid skin 
contact; wear eye protection to avoid eye 
contact; wash hands afterwards to avoid 
swallowing barium chloride solution. 


sodium (1) chloride (1) 
9 a_ iron(II) (1) sulfate (1) 


b iron(II) hydroxide becomes iron(II) 
hydroxide/iron(Il) ions become iron(II!) 
ions (1) 
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26a Choosing materials 


1 hard; stiff; brittle; poor electrical 
conductor; poor thermal conductor; high 
melting points 


2 Two from: hard/stiff so the toilet bowl 
keeps its shape; waterproof so water 
cannot soak into the toilet bowl; smooth 
so the toilet bowl can be cleaned easily. 


3. Two from: hard/stiff so the shower 
screen keeps its shape; transparent so 
you can see out of the shower screen; 
waterproof so water does not get into 
the rest of the bathroom. 


4 Two from: strong so it does not break 
easily when someone sits down; can be 
moulded into the correct shape; poor 
thermal conductor so it does not feel 
cold. 


5 Metals are hard and strong; chromium 
is shiny so it improves the appearance 
of the tap; and improves the corrosion 
resistance of the tap. 


6 The aluminium provides a shiny layer; 
the glass is flat so the shiny layer reflects 
light evenly; the glass is transparent so 
the shiny layer can be seen through it. 


The materials are chosen because their 
properties make them suitable for particular 
uses: for example, clay ceramics for tiles, wash 
basins, toilet bowls; glass for mirrors, windows, 
shower screens; polymers for plumbing and 
toilet seats; metals for taps. 


Strengths and weaknesses of different suitable 
materials, e.g. a polymer and a metal, with a 
conclusion, for example, about which one is 
best on balance. 


Strengths of polymers: can be moulded into 

a bench shape; do not rust; poor thermal 
conductors so do not make you feel cold; could 
be manufactured to have a soft feel, e.g. if 
plasticisers used. 

Weaknesses of polymers: may have a poor 
appearance; easily scratched. 


Strengths of metals: strong; metal can be 
chosen for corrosion resistance; can be 
electroplated to improve its appearance or 
resistance to corrosion. 

Weaknesses of metals: hard so may feel 
uncomfortable to sit on; good thermal 
conductors so may make you feel cold. 
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Exam-style question 


Copper conducts electricity a million times better 
than PVC (1); the tensile strength of copper is ten 
times greater than that of PVC (1); so the cable is 
strong and conducts electricity without electrocuting 
someone who touches it (1). 


SC26b Composite materials 


oe 1. The magnesium and aluminium cannot 

. be separated out by physical separation 
methods. 

ns 2 ‘The aircraft carrier would have to be 


kept frozen; it would melt and sink if it 
became too warm. 


e. : : 
6*@ 3 reinforcement: carbon fibre woven 
fabric; matrix: polymer resin 


ma 4 Steel is stronger when stretched; its 
tensile strength is greater than its 
compressive strength/1.67 times greater. 


7@ = 5 Steel rusts/corrodes; when exposed to 
air and water/to the atmosphere; this will 
reduce the strength of the composite 
material. 


wre 6 Similarities: e.g. both made from wood; 
both differ in tensile strength depending 
on the direction. Differences: e.g. 
plywood contains layers glued together; 
plywood is not as strong as wood along 
the grain; but it is stronger than wood 
across the grain. 


$1. It is stronger in tension than concrete alone; 
cheaper/less dense/more lightweight than steel 
alone; can take greater loads than concrete 
without cracking; does not rust unlike steel 
alone. 


E1 Strengths and weaknesses of each material 
reviewed, with a conclusion, for example, 
about which one is best on balance. 


Strengths of papier maché: cheap; uses 
renewable materials; biodegradable. 
Weaknesses of papier maché: gets soggy/ 
weak when wet; cannot see the eggs inside 
unless the box is opened. 


Strengths of expanded polystyrene: 
lightweight; soft/strong. 

Weaknesses of expanded polystyrene: uses 
non-renewable resources (crude oil); not 
biodegradable; cannot see the eggs inside 
unless the box is opened. 
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Strengths of recycled clear polymer: 
lightweight; can see the eggs inside without 
opening the box; conserves non-renewable 
resources/limited resources/crude oil. 
Weaknesses of recycled clear polymer: may 
not protect the eggs as well as papier maché 
and expanded polystyrene. 


Exam-style question 


A mixture of two or more materials (1); combined to 


prod 


uce a material with improved properties (1). 


SC26c Nanoparticles 


A | G A | 
o as 


me 
‘taps 


1 a 83x10%m 


b 23, 80 _ fatal 
041 6.40 ~ SPPenimalcly 
200 times 


2 a 6x2x2=24nm2 
b 2x2x2=8nm? 


24 _ 
c 3 = 3 
d_ The surface area to volume ratio 


increases as the particles become 
smaller. 


3. They absorb harmful ultraviolet light; but 
are transparent/almost invisible. 


4 They catalyse the breakdown of dirt; the 
coating is transparent. 


5 The nanoparticles may kill bacteria in 
the environment that are beneficial/not 
harmful. 
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S1 materials that consist of nanoparticles 


$2 Uses: sunscreens; skin care creams; stain- 
resistant clothing; self-cleaning windows; 
catalysts; antibacterial sports socks. 
Possible hazards: breathed in easily; pass 
through cell surface membranes; catalyse 
harmful reactions; carry toxic substances; 
harmful to health; harmful to the environment. 


E1 Strengths and weaknesses of nanoparticles 
in sunscreens reviewed, with a conclusion, for 
example, about whether to use or not to use 
such products. 


Strengths of nanoparticles in sunscreens: 
absorb harmful ultraviolet radiation; reduce risk 
of skin cancer; sunscreen is almost invisible; 
so acceptable appearance in use. 
Weaknesses of nanoparticles in sunscreens: 
nanoparticles may be absorbed by skin cells; 
may catalyse harmful reactions in the body; 
may carry toxic substances into the cells; risks 
are difficult to determine. 


Exam-style question 


Two of the following, for 1 mark each: nanoparticles 
may have adverse health effects; nanoparticles 
may get into the cells/body/lungs; risks difficult to 
determine because nanoparticles have not been 
used for very long. 


